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Osteoarthritis (OA) is a degenerative joint disease that usually occurs 
late in life, or after traumatic injury involving the articular cartilage. With 
the increase of life span and the increased of traffic accidents, this disease 
becomes more serious and more common. However, the causes and the 
pathogenesis were still not clear. In order to facilitate the further studies in 
pathogenesis and the effects of different treatment methods, a well 
established osteoarthritis model in animals is an important pre-requising. 
In the first part of the present study, The degeneration of cartilage', 
Two methods were used to create an osteoarthritic change in rabbit knee 
joints, the immobilization method introduced by Moskowiz, and the 
instabilization method of Hulth. Two different time durations of experiment, 
6 weeks and 12 weeks, were compared. The degree of degeneration was 
monitored by four parameters, the gross osteoarthritic area which recorded 
the position and area of the 4^generative cartilage; the Mankin's histological 
score which measured the histochemical morphology of the cartilage; the 
water content and the proteoglycan content of the degenerated cartilage. The 
first part of the study concluded that immobilization of adult rabbit knee, for 
a period of 6 weeks could produce a moderate severity of degeneration of 
cartilage. This osteoarthritic animal model was consistently reproducible and 
suitable for comparing the effect of treatment in the second part of the 
present study. Moreover, The relation of the four parameters was discussed 
I 
in this part of study, and concluded that the morphological change was well 
correlated to the biochemical change during the progress of osteoarthritis. 
I ‘ 
Gross OA area measurement Mankin's score and the results of 
xi 
Abstract 
proteoglycan content was found more superior than the water content in 
measuring the degree of degeneration of cartilage, and the reason was 
discussed. 
In the second part of the experiment, ‘ Healing of cartilage the 
I i 
effect of intraarticular injection of hyaluronic acid was studied. A moderate 
I •, 
severe osteoarthritic rabbit model was firstly produced, by the 
immobilization of adult rabbit knee joint for a period of 6 weeks. After 
removal of the splint on the beginning of the seventh week, 0.5 ml (5mg) 
of hyaluronic acid was injected intraarticularlly into the osteoarthritic Jaiee 
each week for another six consecutive weeks. The splint of another group 
of rabbits was also removed after the 6 weeks immobilization, however, no 
treatment was given in this group of rabbit. The difference between the 
treatment group was compared with the non-treatment group under the four 
parameters that had been us in the first part of the present experiment. 
The gross appearance and the result of gross OA area showed that the 
treatment group produced a less severe osteoarthritic change than the non-
treatment group. Histological section showed that there was an amorphous 
I 
layer covering the surface of the cartilage in most of the treatment group.‘ 
The layer was proved to have protective effect against the degenerative 
change of the cartilage. Moreover, the biochemical results of water content 
and proteoglycan content also proved that intraarticular injection of 
Hyaluronic acid did provide a favorable effect on osteoarthritis. On the other 
hand, the results of the part I & part II were analyzed. It was found that 





progressing, even after the removal of splint. It showed that there was no 
I • 
natural healing of the degenerated cartilage after remobilization. The second 
part of the experiment concluded that the intraarticular injection of 
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The increase in human life span, increase of average body weight, 
increasing number of traffic accidents, etc., has caused the disease of 
osteoarthritis became very significant. On the other hand, the pathoge-
netic chain of factors giving rise to osteoarthritis is not very clear. Since 
it is virtually impossible to obtain human cartilage in the early stages 
of osteoarthritis, a consistently reproducible model of osteoarthritis in 
animals, as written by Bentley 5 in 1974: "... will be valuable in facili-
tating further study of the pathogenesis of the disease and the effect of 
different methods of treatments on i t A l t h o u g h no animal models for 
osteoarthritis can fully mimic the natural human disease, dogs and rab-
bits are available in which the histological and biochemical changes 
are very similar.The rabbit was chosen because of its availability and 
its quite easy to manage. 
It is generally believed that immobiIi?:ation of a rabbit joint for a 
period of time can create degenerative changes in the cartilage that 
resemble those seen in degenerative joint diseases in humans22, 23, 
26 34, 38 46 57, 86, 92, 93, 96. On the other hand, although injury to 
a joint can produce secondary osteoarthritis instead of the idiopathic 
primary osteoarthritis, the pathogenesis changes observed are similar 
38. Therefore, surgical instabilization is another method to create model 
of osteoarthritis resembling the human joint disease 24 30, 33, 37, 
44, 49 58 60 83. 
In the first part of our experiment, both the instabilisation and 
immobilization methods for two different treatment duration was com-! -
pared. A comparing system including the gross osteoarthritic area, 
Mankin's histochemical scoring, water content and proteoglycan con-
‘ tent of the produced degenerative cartilage was used. The better method 
I 
that gave us a consistently reproducible model, with mild to moderate 
degeneration of cartilage was chosen. That was used in the second part 
of the experiment for comparing the effect of intraarticular injection of 
hyaluronic acid in osteoarthritis. 
2 
Introduction 
New Zealand white rabbits, aged 27 to 32 weeks and weighing 
4.0 to 4.7 kg were used. They were proved skeletally mature by taking 
x-rays and showing the closure of the epiphysis. In the instabilization 
methods, the method of H u l t h ^ O was used. The medial collateral liga-
ment (MCL) and the anterior crusiate ligament ( ACL ) was cut, to-
gether with the partial meniscectomy of the anterior one third of the 
medial meniscus. In the immobilization methods, the aluminum splint 
and elastic cohesive bandage, Kob's MEDIRIP Cohesive, was used to 
fixed the experimental knee in extension position. In each of the meth-
ods two durations of time were used 6 weeks and 12 weeks . And the 
contralateral knee acted as control. 
Morphological and biochemical parameters were used to mea-
sure the degree of the degeneration of cartilage. Morphologically, the 
gross OA area was recorded on the distal femur by M a c h e a m ' s ^ S 
method. The length (L) and width (W) of the ulcer area was measured 
by the goniometer under the dissecting microscope. The location of 
each ulcer area was recorded in a worksheet drawing. On the histologi-
• I ‘ f 
cal assessment, two staining methods were used. Hematoxylin & Eosin 
staining and Safranin O staining. The stained sections were then exam-
ined under a microscope and the scores were taken and recorded ac-
cording to the Mankin's histochemical scoring system. 
Biochemical assessments included the water content and the 
proteo-glycan content. Water content of the cartilage was determined 
by the modified Simon's method 79. The cartilage of the tibial plateau 
was removed separately from the experimental knee and the control 
knee. The wet weight of the samples were measured, then the samples 
were subjected to lyophilization for at least 16 hours to find the dry 
weight. After the results of the water contents were recorded, the lyo-
philized anhydrous cartilage was used to determine the proteoglycan 
content. We used the modified Bollet's method 9 to hydrolyse and ex-




was determined by using the carbazole reaction described by Bitter 
and M u i r ? in 1963. Chondroitm-6-sulfate ( C-6-S ) was used as the 
standard. 
The statistical results were analyzed by SPSS for Window, Re-
lease 5.0 ( © SPSS Inc., 1989-1992.). Including the Mean and Stan-
dard deviation, Wilcoxon Matched-Pair Signed-Ranks Test, Oneway 
ANOVA, Tukey-B Test and two-way ANOVA Models was used. Fi-
nally, the correlations between the gross OA area, Mankin's score,the 
water content and the proteoglycan content was presented in a graphi-
cal diagram. 
The aim of the first part of the present study was, firstly, to es-
tablish a detailed scoring system that can give a more complete com-
parison of the degree of degeneration of cartilage. And secondly,to es-
tablish a better method with suitable duration, that could create a con-
sistently reproducible osteoarthritic model suitable for comparing the 
effect of treatment in the second part of the study. 
The second part of the present research was to compare the ef-
fects of intraarticular injection of hyaluronic acid used in treatment of 
osteoarthritis in the rabbit model that was chosen in the first part of 
the study. 
Since both the surgical and medical therapies of osteoarthritis 
were not so promising, many inventions in the use of hyaluronic acid 
were studied. Recently, a new family of chemically modified cross-
linked hyaluronic acid molecules have been developed. It is generally 
recognized that hyaluronic acid affords protection, or promotes more 
rapid healing, of articular cartilage. Hyaluronic acid injected 
intraarticularly into the osteoarthritic joint of the rabbit model restores 
the amorphous layer covering the cartilage, which decreases the efflux 
of the matrix into the synovial cavity and acts as a barrier to block the 




cartilage 77 88 Moreover, it can regulate the activity of chondrocyte 
to increase the synthesis and secretion of the proteoglycan. This also 
improves the intra-articular lubrication and decreases the frictioixal 
damage on the articular cartilage, and normalized the viscosity of the 
synovial fluid and increased its shock absorbing properties 21, 27, 64, 
82 
In the second part of the study, an osteoarthritic model of the 
rabbit was produced by the method that was chosen in the first part of 
the study. Hyaluronic acid in the form of sodium hyaluronate, 
HYALGAN® 
was injected intraarticularly into one group of rabbits 
weekly for 6 weeks, while the other model group of osteoarthritic rab-
bits produced by the same method was remobilized and left untreated 
for the same period of time. Comparison was made by the established 
scoring methods which were used in the first part of the study, with the 
four parameters including the gross OA area, Mankin's histological 
scoring, water and GAG content. 
The drug we used for the Part II experiment: 
Drug : HYALGAN ® ( Hyaluronic acid ) of 2 ml ( 20 mg ) 
Dosage : 0.5 ml ( 5 mg ) 
\ 
Route : Intra-articular administration 
! i 
Period : Starting from the 7th week after immobilization, 
weekly injection for 6 weeks. 
The purpose of this part of experiment is to study the effects of 
intraarticular injection of hyaluronic acid to the osteoarthritic rabbit 
joint model that was previously produced by the chosen method, under 
the morphological and biochemical parameters that were established in 
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Literature Review Biology of Cartilage 
2.1 BIOLOGY OF ARTICULAR CARTILAGE 
2.1.1 Normal cartilage 
2.1.1.1 Composition and properties 
Inside the diarthrodial joint, the articular cartilage exhibits a 
vispelastic response which withstanding the compressive force of 
weight bearing and shearing force of articular surface. Moreover, it 
provides a nearly frictionless surface for repetitive joint motion 61 
69 94. 
Normal cartilage composed of chondrocyte and the matrix that it 
synthesizes. While the matrix consist of collagen net-work embedded 
in a gel-like substance composed of proteoglycan and water. 
The chondrocyte of the cartilage: 
•f. 
The size of chondrocyte varies from about lOum to 30um. It lies 
in spheroidal lacunae and has a densely basophilic nucleus. The cell 
complement is spare in cartilage. The inert, hypometabolic property 
of the chondrocyte provides a smooth and shock absorbing surface 
between the bones of the joint. Moreover, it synthesizes the matrix which 
it swims in. 
The matrix: 
The matrix consists of 70 to 80% water, the remaining dry weight 







Literature Review Biology of Cartilage 
1) The collagen: 
Nimni et al in 1973 
provided an excellent review on 
t h e s t u d i e s o f c o l l a g e n ^ S . i n | ^ ^ 
articular cartilage, more than ] ^ ^ ^ ^ ^ ^ ^ 
90% of the collagen are the type ! 
II collagen, which has the ‘ / ^ ^ ^ ^ ^ ^ / / 
strongest mechanical properties , \ ^ / 
in tensile stiffness and strength 
(Figure 2-1). The intermolecular 
cross-links between the collagen 
fibers build a strong cohesive 
network in the matrix that resists 
the flow of proteoglycan during Figure 2-1A schematic representation 
the compressed loading of the ofcartUage in pure shear. 
cartilage so as to maintain the 
shape and st iffness of the 
cartilage. Moreover, the collagen 
fibers also anchor the cartilage 
‘ 
onto the subchondral bone61 12 
36, 50 62 94. un n t _ _ ’ 
2)Theprdleoglycan: . | 4 W T 
Strong hydrophilic proteo- _ | | | | j § Hyaluronic, acid 
glycan molecules expand i i 
1200 nm 
dramatically as water attached. 
Rosenberg et al. 73 defined the 
sub-unit of the proteoglycan early 
in 1970. It consists of a protein , 
, , , Figure 2-2 Schematic depreciation of 
badcbcme approximately 200 nm ^^ aggregating proteoglycan monomer, 
8 
Literature Review Biology of Cartilage 
long, with 50 to 100 side chains of 
gylco-aminoglycan (GAG) 
attached ( Figure 2-2 )• At least 3 / ^ j ’ 
types of GAGs have been ' . . X W . | ^ -
identified, the majority chon- P 
droitin-6-sulfate, and the minority ' 
• • 
of chondroitin-4-sulfate and Largeoomam 
keratin-sulfate. Most of the 
proteoglycan in articular cartilage 
are in the form of aggregates with 
hyaluronic acid. 30 to 50 
proteoglycan attach, at intervals of 
25-50 nm, along the hyaluronic ( " ^ ^ ^" ” • I , 
acid molecule. V 
I S m a l l e r D o m a i n 
The large aggregate has a 
molecular weight of 50x10^ ^nd is "7 -r 
about 1 urn long in diameter when ^ ^ ^ - ! ^ . ; 
folly hydrated. The elastic property 
of the cartilage largely depends on 
^ 1 • Charge shielding 
the proteoglycan aggregates, since • sa | | Decreased ,epuis ve forces 
Conceniradon ' 
the repulsive force of the proteo-
glycan groups provide resistance to 
compression. ( Figure 2-3 ). 
Moreover, the poly-anionic 
properties of proteoglycan are Figure 2-3 Electrostatic repulsive force 
responsible for the staining of of the negative charged groups resists 
cationic dye of the Safranin O or the compression on cartilage. 
Alicanblue61,49, 82, 94 
9 
Literature Review Biology of Cartilage 
3) The water content 
More than 90% of the water 
is trapped within the collagen „ 
“ ^ Proteoglycan Monomer 
network and is freely exchangeable conagen Fibrii-, 
through the pores of the matrix with Tt^JM, ( • 
the fluid in the joint. This property 
contributes to the swelling pressure 
of the matrix for the load bearing. 
Moreover, the water molecules can -
pass through the microspores, Unloaded — 
which are formed by the collagen 
network. Therefore when the 
cartilage was under pressure, water 
came out and acted as a weeping ua ^ 
lubricant between the two - 4 J ^ f ^ v A X 
cartilage surfaces in a joint, and . 
gave a coefficient of friction = 
0.002 ( Figure 2-4 ). Since the 
cart i lage is avascular , the 
diffusion and convention of water creep 
can transport the nutrients from 
the subchondral blood vessel to ( 
the whole cartilage^ 1 49. 
Figure 2-4 The weeping lubricant of 
the loaded cartilage. M; microspore 
formed by colleger). 
i 
1 t 




Literature Review Biology of Cartilage 
• • • • • • • • • • • • • • I 
• 
I^HD 
Photo 2'1 Histological morphology of normal cartilage.x 100 H&E. (A)tangential 
zone; (B)transitional zone; (C) radial zone; (T) tidemark and (D) calcified zone. 
11 
Literature Review Biology of Cartilage 
2.1.1.2 The morphology of normal articular cartilage 
The gross appearance of the articular is deceptively glistening, smooth, 
and opalescent. 
Histologically, the normal articular cartilage is divided into 4 zones 
(Photo 2-1 )• Starting from the superficial; the Tangential zone, which 
contains several layers of flattened fibrocytic cells, fijnctions as the 'skin' 
and protects the cartilage. Secondly, the Transitional zone, which contains 
some round and randomly arranged chondrocyte and consists of a high 
level of proteoglycan and collagen. There is a stronger association between 
the collagen and proteoglycan which helps the zone matrix to resist the 
tensile shearing stress during joint motion. The third layer is the Radial 
zone, which consists of a short column of 6 to 8 chondrocyte, which contain 
the largest collagen fibre and highest proteoglycan concentration but the 
lowest water content. Therefore, this zone can resists compressive force. 
Then, there is a hematoxylin stained blue line, named the 'tidemark'. 
The last layer is the Calcified zone, which consists of pyknotic cells 
surrounded by calcified matrix. This zone provides anchorage to the 
subchondral bone plate 13, 90 94 
i 
2.1.2 Degeneration of articular cartilage 
2.1.2.1 Morphology of degenerative cartilage 
The Hunter brothers^® discovered the morphologic change of 
degenerative cartilage in 1794. Collins et al. 17 defined a classification 
system of degeneration based on gross and histological alteration. 
According to his scheme, the degree of severity of degeneration of 
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the mild stage the articular surface become yellow and rough, 
histological fibrillation occurs only in the Tangential zone.There is an 
increase in chondrocyte, however, the proteoglycan which i§ stained 
by Safranin O is slightly reduced. In the moderate stage, pitting and 
erosion appears. Histologically, the clefts extends towards the Radial 
zone, interrupting the Tide-mark. Cloning of chondrocyte and a more 
severe depletion of proteoglycan staining. In the severe stage, the bone 
surface can be seen, the cleft extends down to the subchondral bojie. 
There is an extensive loss of proteoglycan. Some subchondral cysts 
or new fibrotic cartilage can be founcHl 
2.1.2.2 Biochemical characteristic of degenerative cartilage; 
Nimni et al.60 believed that the chondrocyte in degenerative 
cartilage is synthesis type I collagen, instead of the type II collagen. 
This collagen increases the clarity of collagen banding, decreases the 
height of the cartilage, and provides a less resilient and less elastic 
framework, which results in decreasing the permeability of the water 
molecules. 
Bollet's studies^ in 1963 showed that the proteoglycan was 
decreased directly proportional to the severity of the degree of ‘ 
degeneration, even though the synthesis process was i n c r e a s e d ^ S , Thp 
change of the collagen framework and the decrease of the matrix 
proteoglycan which in turn has a higher domain and affinity for water, 
leads to an increased amount of w^ter content and the water molecules 
are more tightly bounded in the collagen framework^, 10 72, 79 The 
above changes are responsible for the decrease of elasticity, loading 
resistance, weeping lubricant and transport-ation of nutrient in a 
degenerative cartilage. 
.. . . . 
' . . 
1 ‘ . 
I I M ‘ 
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Literature Review Biology of Cartilage 
2.1.3 Healing of degenerated articular cartilage 
For more than 200 years ago, the Hunter brothers^O declared that, 
"...ulcerated cartilage is a troublesome thing and that when once 
destroyed it is not repaired." Many early authors found that the hyaline 
cartilage did not heal normally, because of the growth of fibrose tissue 
and f ibrocart i lage. However, in the past two decades, many 
investigators such as Mankin, Collins, Salter and Radin etc, found out 
that even the degenerated cartilage can be healed! 19 32 46, 56, 
76 
Increased stress on cartilage, loss of cartilage matrix, or injury 
of chondrocyte turns on both degenerative and reparative reactions of 
the c a r t i l a g e 9 4 . The reparative process is the increased rate of synthetic 
activity of chondrocyte which depends on many factors; 
1) The rate and magnitude of the loading. A single attack exceeding 
the critical threshold, for instance, 25 newton per each square 
millimeter or repetitive lesser insults can produce irreversible 
d a m a g e 7 0 . 
2) The depth of the degenerative lesion. M a n k i n d 9 stated that the 
superlative cartilage degeneration are almost never effectively 
heals, while the deeper lesion which involves the subchondral 
bone, can heal forming at least fibrocartilage. It is because as the 
vessels in subchondral bone are damaged, blood fills the defect, 
and quickly forms a fibrous clot. Blood cells and other undifferent-
iatecj cells modulate into fibroblasts, that brings new vasculiza-
tion and reparative granulation t i s s u e ^ 2 , 46 49 86 
3) The degree of the damage of the chondrocyte. Converyl^ showed 
that a defect larger than 3 mm has no repairing reaction even after 
I nine months. By contrast, the smaller lesion heals within 3 months. 
14 
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Salter76 found that the healing of a 1 mm defect only needed 3 
weeks. 
However, in the healing cartilage, Nimni 65 69 suggested that 
instead of the normal type II collage, only type I collagen was found. 
However, it was found out that the new repaired cartilage is less stiff 
I than the original hyaline cartilage. Six months later, proteoglycan 
content is significantly decreased 30, 32, 46 On the other hand, in a 
I' 50% of full thickness defect, fibrillations and erosion changes take 
place in the repaired tissue^^. ^ 
2.2 METHODS OF CREATING OA MODEL 
There are many methods used to create a reproducible OA model: 
1) Immobilization of a joint for a period of time. 
2) Surgical alteration of normal joint structure to instability the joint. 
Such as partial meniscectomy, cutting of different joint ligament, 
osteotomy, and even disrupted the neurosensory feedback. 
3) Intraarticular injection of various agents. 
4) Compression of a normal joint. 
) _ 
5) Continuous passive motion of a joint. 
6) Breeding of animal strains genetically predisposed to develop 
osteoarthritis. 
15 
‘ . I 




Immobilization of a joint for a period of time can create a model 
I 
that resembles those seen in the human O A j o i n t ^ ^ , 23 26, 34 38, 46, 
57, 86 92 93 96 The earliest histochemical is the decreased 
metachromatic staining of the cartilage matrix, which indicates the 
loss of the glycosaminoglycan, in spite of the increased synthetic 
activity of the stressed chondrocyte. This takes place in as early as 1 
to 2 days of immobilization. However, morphologicalxhange can only 
be found after at least 4 weeks of immobilization^®. Many authors 
stated that immobilization for 5 to 6 weeks can provide a moderate to 
advanced OA model which is suitable for studies on OA pathogenesis 
and treatment26, 38 90 92. 
Different kinds of splinting materials have been used in our pilot 
experiment; PVC-plastic splint, dynacast, plaster of Paris. Finally the 
aluminum splint, together with elastic cohesive bandage, was proved 
to be the most suitable splijit in producing the immobilization effect. 
Moreover, Evans23 found that there was no need to immobilize the 
leg very rigidly,as a 5 to 10 degree of motion is allowable to give a 
true model of osteoarthritis. 
\ 
2.2.2 Instability method: 
Early in 1936, King39 had shown the method of meniscectomy in 
rabbits can produce a degenerative lesion in the femoral condylar and 
the tibial plateau. Later, Hulth^O used partial meniscectomy together 
with dissecting certain ligaments, such as the anterior cursiate ligament 
(ACL), the posterior cursiate ligament (PCL), or the medial collateral 
ligament (MAL), etc. Since then, many authors 18 24, 30 33, 37, 44, 
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form of OA model. Similar to the immobilization method stated above, 
histochemical changes occur early in the first 24 hrs after operation^^, 
25 • Furthermore, a 6 weeks post-operation is a suitable time for the sacrifice 
of the rabbit to get a OA model severe enough for other research \yorkl8? 
24,51, 58, 69 
2.3 METHODS OF SCORING OF THE DEGREE OF OA 
2.3.1 Gross morphology 
Osteoarthritis is not only a degeneration of cartilage but also 
involves the whole joint, including an increase of synovial fluid, 
increased thickness of the joint capsule, atrophy of the adjacent muscles 
and tendons bringing about a decrease of joint mobility etc. 
I 
I • 
2.3.1.1 Mapping of OA area; 
Pitting, ulcer$ or spurs can be measured through direct vision, 
Meachim's method by carbon black^O, 45 or Indian ink^O staining, or 
even through arthroscope. Moskowitz 58 60 used the width of the 
osteophyte, and the size in square millimeters of the pitting area and ( 
the ulcer area as an indicator of the severity of OA. And it has been 
reported by many authors that the size of the ulcer area is directly 
\ 
proportional to the degree of degeneration as found in their histological 
findings 45, 58 66 Moreover, most of the degeneration areas are 
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2.3.1.2 Amount of synovial fluid; 
Although significant increase in synovial fluid can be observed 
in osteoatritic joint, the synovial fluid can hardly aspirate, especially 
in the normal rabbit knee. Therefore, there is no accurate method in 
I i _ 
quantitative measuring of the amount. 
! ‘ 
2.3.1.3 Mobility 
The mobility of the osteoarthritic joint is decreased because of 
the increase in thickness of the synovial membrane,the atrophy of the 
flexor and extensor muscles, narrowing of the joint space and a fibrosis 
of the OA joint etc. In some past research works, it has been proved 
that the mobility of the joint is inversely proportional to the length of 
period of immobilization of the joint. On the other hand, remobilizatiou 
after some period of immobilization can improve the osteoarthritic 
condition with m o b i l i t y 9 2 being regained. However, the relation with 
the OA joint produced by the instability method is not so significant. 
* 
2.3.2.Histological scoring 
There are many methods describing the measurement of the 
histological grading of the degeneration of cartilage. A pattern of gross 
and histological alternation was studied by Collinl? in 1949. G, 
Meachim47 used the proportion of the total area of cartilage that was 
removed in osteoarthritis as a marker of the severity of degeneration, 
Moskowitz 58 used the depth of fibrillation, cleft the amount of 
osteophyte etc., to act as the parameter to divide the severity of 
degeneration into three grades; mild, moderate and severe. Thickness, 
cellularities and metachromasia stain were also used as the parameters, 
Lawrence Rosenberg72 used Safranin 0 while Henry Troyer 90 used 
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I 
demonstrate the amount of proteoglycan loss in the degenerated 
cartilage. On the other hand, C. C o l o m b o introduced an global 
scoring system which consists of the configuration of cartilage, the 
loss of Safranin O staining etc., to give statistical comparisons of OA. 
However, after Mankind 1 in 1971 had discovered a more detail 
histochemical scoring system, a lot of researchers 26 36, 60 66 used 
the Mankin score as the standard to compare the degree of degeneration 
of cartilage, especially in comparing the effect of treatment on a 
produced OA joint. ^ 
Mankin's histochemical score includes the extension of cleft or 
fibrillation, the chondrocyte number or alignment, the loss of Safranin 
O dye and the integrity of the tidemark. According to Mankin's work 
51 in 1970, on osteoarthritic patients, the highest score is 13. Other 
research work done by Pelletier 66 shows that, according to the score, 
grade 1-5 = mild, grade 6-9 = moderate and grade 10-14 = severe 
degeneration of OA. J . M a n e 3 6 Henry J . J.Halbrecht 26 and many 
other authors 60 66 had used Mankin's score for comparison in their 
rabbit OA models. For instance, J.Halbrecht 26 in the year 1988, found 
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Mankin s Histochemical scoring system: 
Structure Safranin O staining 
i I 
!• Normal 0 Normal 0 
Surface irregularity 1 Slight reduction 1 
Panniis & irregularity 2 Moderate reduction 2 
Cleft to transitional zone 3 Severe reduction 3 
Cleft to radial zone 4 No dye noted 4 
Cleft to calcified zone 5 
complete disorganized 6 
^ 
i: . I : 
Cells Ticle-niaiii integrity 
Normal 0 Intact 0 
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2.3.3.Biochemical comparison 
2.3.3.1 Water content 
WiliamH.Simon79 in 1982 compared three methods of drying 
the cartilage to find out the water content. 
i) Vacuum desiccation over calcium chloride for 12 hrs. 
ii) Heating the sample at 370 C for 12 hrs. 
iii) Lyophilization for 12 hrs. " 
They found that lyophilization was the best method, which w^s 
easier to handle and did not stick to the walls of the container after 
lyophilization. M. Venn 91 found that by using the radioactively 
labelled iodinated serum albumin procedure, he could give an accurate 
measurement of the water content even in the very severe stages of 
degeneration of cartilage. 
According to past research works a4 10 43, 63 91 the value of 
the water content of the normal rabbit knee cartilage was around 65% 
to 67%, and increased to 71% to 74% in mild to moderate degeneration, 
as explained by Nimni and other researchers 10 43 50-52, 59, 63 
However, it droped to 68% to 69% in the very severe stage of OA. 
This had been explained by Venn 92 that the severe degeneration of 
cartilage loss affected the whole transitional and radial zone, which is 
the most essential part to attach the water, responsible for the decline 
of water content. 
2.3.3.2 Proteoglycan and hyaluronic acid content; 
Proteoglycan plays a very important part in the biochemical assay 
of the degeneration of cartilage. As mentioned above, the proteoglycan 
consists of two types of glycosaminoglycans (GAG), the chondroitin 
sulfate and the keratin sulfate. The proteoglycan molecules are also 
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forming an aggregate with hyaluronic acid. Therefore, many methods 
were introduced to measure the amount of proteoglycan in the c^tilage 
matrix. Because Hexosamine and Uronic acid are the components of 
the repeating units of the glycosaminoglycan (GAG), Uronic acid is 
therefore wildly used as a representative of GAG content in biological 
substances^. The amount of uronic acid can be digested by the pepsin 
55 by the method of Blumenkrantz or by Sulfuric acid \ then 
determined by the Carbazole reaction described by Bitter & Muir?, pr 
by metahydroxy-diphenyl reaction described by N.Blumenkrantz 8. By 
comparing the above methods with Bitter's method of using carbazole 
for detecting the uronic acid concentration it can be seen that Bitter's 
method is the most favorable one; It had a high sensitivity to 83% 
maximum color developed immediately, and the color was constant 
i I for 16 hours. By Bitter's method, the linear function of uronic acid 
i 
concentration was between 4 to 40 u/mg. The results of J.Halbrecht 





While according to Bollet 9 extracting by the 2N HCL,found in 
human knee joint samples, the normal value is 27 u/mg from dry sample 
and the values of uronic acid in mild OA knee is 20 u/mg and this 
drops to 14 u/mg during severe degeneration of cartilage. Moreover, 
I . M e y e r - C a r r i v e l 5 using papain for digestion of uronic acid in rabbit 
22 
Literature Review Methods of Treatment of OA 
knee joints and got the results of 29 um/mg dry sample for the normal 
side, and 19 u/mg to 21 u/mg dry sample in the experimental knee 
joint immobilized for 4 weeks. Mankin 52 measured the DNA & 
hexosamine concent ra t ion to indicate the cell densi ty and 
polysaccharide (GAG) content, respectively. Besides, the incorporation 
rate of 2H-thyinindine and ^^SO^ were measured as indicators of 
synthesis of DNA and GAG content respect ively . Recent ly , 
I radioimmunoassay & chromatography such as rabbit antiserum R! 14 
has been used to determine the amount of cartilage proteoglycan in 
the synovial fluid. M.E. Adams in 1991 measured the mRNA level in 
blood to estimate the degree of cartilage degeneration. 
2.4 THE TREATMENT OF OSTEOARTHRITIS 
There are many methods of treatment of degeneration of cartilage. 
Physical exercise such as passive motion described by Kim H.K.W. 
and Salter R.B. 32, surgical therapy such as Rotational osteotomy, 
resurfacing of the cartilage by multiple drilling ^^ surgical debridement 
or even through arthroscope a b r a s i o n ' 7 8 . Medical treatments such as, 
subcutaneous injection of Traprofenic acid, intramuscular injection of 
Growth hormone, polysulphate, plasminogen activator 20 26, 60, had 
been used. However, since the pathogenesis of degeneration of cartilage 
is not very clear, the effects and indications for treatments vary. 
Intraarticular injection of steroids brings about immediate relief of the 
symptoms, and this has been widely utilized. However, it entails several 
adverse effects, such as the induction of degeneration of cartilage 77 
88. The effect of the intraarticular injection of high molecular weight 
Hyaluronic acid has proved to be similarly effective in treatment of 
osteoarthritis but it has a lower adverse effect when compared with 
the steroid 33 77, 88 
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2.6.1. Biology of Hyaluronic acid 
Hyaluronic acid is a maglomolecule of glycosaminoglycans which 
consists of a repeating sequence of disaccharide units, N-acetyl-
glycosamine and D-glucuronic acid are linked by B-1,3 glycoside 
bonds. 
Inside the synovial fluid, Hyaluronic acid is found freely and at a 
high concentration. The viscoelastic properties of the HA serve as a 
shock absorber and lubricant inside the joint 84. Balase E.A. found 
that the concentration and viscoelasticity of HA decreased inside the 
joint of the arthritic patient 4. 
In the cartilage, Hyaluronic acid also plays an very important role. 
In 1966 Balazs et al. reported that a 1-2^1 thick layer overlying the 
cartilage surface contains HA. This thin, filamentous and amorphous 
layer protects the cartilage from the wear of mechanical shearing force 
and the attack of lytic enzymes or inflammatory cells 3. While in the 
matrix of the cartilage, HA'forms the ‘ backbone ‘ of the proteoglycan 
aggregates. The large, anionically charged aggregates are responsible 
for the binding of the water molecules, forming the shape, and 




2.6.2. Repairing properties of Hyaluronic acid in 
Osteoarthritis 
It is generally recognized that hyaluronic acid affords protection, 
or promotes more rapid healing of articular cartilage. Many experiments 
have been done on various animal models. For instance, on rabbits 33 
35 88 95, 96 on dogs 1 75 71 on race horses 75 and on monkey 
models 75 After the first clinical study of hyaluronic acid in human 
24 
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arthritic joints by Balazs and Peyron in 1974 75 many authors have 
used it and compare it with other drugs 21, 35, 39, 84 
Hyaluronic acid injected intraarticularly into the osteoarthritic 
joint of the rabbit model restores the amorphous layer covering the 
cartilage, which decreases the afflux of the matrix into the synovial 
cavity and acts as a barrier to block against chondrotoxic enzymes. 
These properties prevent further damage of the cartilage 77 88. 
Intraarticular injection of exogenous hyaluronic acid into the 
arthritic joint of the Pond-Nuki dog models can reguFate the activity 
of chondrocyte to increase the synthesis and secretion of the 
proteoglycan. That is believed to increase the healing effects on the 
degenerated cartilage 95 96 
In human arthritic joints, the intraarticular injection of hyaluronic 
I 
acid increases the concentration of the hyaluronic acid inside the 
synovial fluid. This improves the intraarticular lubrication and 
I decreases the traumatic friction on the articular cartilage. Moreover, 
the normalization of the viscosity of the synovial fluid increases the 
shock absorbing properties and decreases further damage to the 
c a r t i l a g e 2 1 , 2 7 , 6 4 , 8 4 . 
The clinical use of hyaluronic acid gives immediate relieve of 
the pain, increases joint mobility, and decreases joint e f f u s i o n 21, 39, 
40 84 
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2.6.3.The pharmacology of Hyalgan® 
Hyalgan® is a highly viscous aqueous solution with an active 
ingredient of purified hyaluronic acid. Each vial contains 20.0 mg of 
Hyalectin®, that is, the sodium salt of hyaluronic acid, and 2 ml of 
excipient, q.s.ad. It is indicated for the patients with the degenerative 
joint disease. One 20 mg vial per week injected intraarticularly for 5 
weeks is recommended. It is rapidly absorbed by the internal tissue of 
the joint, and remains in the synovial fluid for three to four days. Its 
half-life is about 20 hours. 
2.6.4 Intraarticular iiijection of Hyaluronic acid used In 
animal models 
G. Abatangelo et al. 1 and A. Schiavanto 77 used Poud-Nuki 
dogs as experimental models. They injected hyaluronic acid 
intraarticularly in an osteoarthritic knee induced by sectioning the 
anterior cruciate ligament. By use of the morphological and histological 
finding 77 they found that there was a significant reduction of Mankin's 
histochemical score in the HA treated knees. The mean score of the , 
. \ 
HA treated knees was 3.66, compared with the mean score of 7.00 of 
the untreated knees. Moreover, the biochemical results 1 of the 
proteoglycan content , which was measured as uronic acid 
concentration, showed that Hyaluronic acid injection can reduce thp 
amount of the soluble proteoglycan, and delay the appearance of thp 
biochemical changes due to cartilage degeneration. 
Anders Wigren et al. 95 used normal adult rabbits and found that 
there was no significant different in histological morphology, nor water 
) 
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This proved that there was no side effects in injection of hyaluronic 
acid in normal rabbits. In his other experiment 96 using rabbits with 
osteoarthritic knee joints induced by surgical injury of the cartilage, 
improvements were obtained in the freely mobile joints injected with 
hyaluronic acid. However, there is no significant difference between 
the HA injected group and non-injected group in the rabbits with 
immobilized joints after the operation. This may be due to the fact 
that with both surgical injury and long period of immobilization post-
operatively, the osteoarthritic condition may be too severe to be treated 
by hyaluronic acid. This agrees with the study of O. Namiki and H. 
Toyoshima 88 on osteoarthritic patients, intra-articular injection of 
hyaluronic acid is very effective if the osteoarthritis is of a grade less 
than moderate; it was not effective in cases with considerable effusion 
or in cases of gross architectural changes. 
Nam Hyun Kim et al. 30 gives us a brief histological comparison 
of the effects of intraarticular injection of hyaluronic acid on the 
osteoarthritic rabbit model induced by the surgical instability method 
described by Hulth 33. They found that on the control side there is 
chondrocyte clones and clefts down to the radial zone, and increased 
loss of height of the cartilage; but on the HA treated knee, there is 
significant delay and lessening of the arthritic response. The work was 
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3.1 INTRODUCTION 
Since the studies of in man have not been able to clarify the 
pathogenetic chain of factors giving rise to osteoarthritis, a consistently 
reproducible model of osteoarthritis in animals will be valuable for 
the further study of the pathogenesis of the disease and for the 
comparing of the effects of various treatments on osteoarthritis. The 
rabbit was chosen because of its availability and its ease of 
manageability. “ 
It is generally believed that immobilization of a rabbit joint for a 
period of time can create degenerative changes in the cartilage that 
resemble those seen in degenerative joint diseases in humans^ 1, 22 
25 32, 35, 43, 54 80 85-86, 89 On the other hand although injury to 
a joint can produce secondary osteoarthritis instead of the idiopathic 
primary osteoarthritis, the pathogenesis changes observed are similar 
38 Therefore, surgical instabilization is another method which can 
create models of osteoarthritis resembling the human joint d i s e a s e s 18 
23 28 31 34 41 46 55 57 77. 
In the first part of the experiment, two methods for two different 
periods of time were compared, and a comparative system including 
the gross osteoarthritic area, Mankin's histochemical scoring, water 
content and the concentration of proteoglycan of the produced 
degenerative cartilage was also utilized. The method that gave a 
consistently reproducible model, with mild to moderate degeneration 
of cartilage, was used in the second part of the experiment for 
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3.2. MATERIAL AND METHODOLOGY 
3.2.1 Animals 
Sixty two New Zealand white rabbits, aged 27 to 32 week3, 
weighed 4.0 to 4.7 kg were used. They were proved skeletally matured 
by means of x-rays and the sign of closure of the epiphysis ( Photo 3-
1). The rabbits were randomly divided into either the,Immobilization 
group or the Instabilization group. Each group was further divided into 
two subgroups that underwent a period of 6 weeks or 12 weeks before 
being sacrificed ( Table 3-1 ). 
I 
i , 
‘ Table 3-1 Different groups of rabbits in part I experiment: 
GROUP METHOD USED EXPT. PERIOD NO. OF RABBIT 
jr ^  
L 6 W Immobilization 6 weeks 20 
L 12 W Immobilization 12 weeks 15 
S 6 W Instabilization 6 weeks 15 
S 12 W Instabilization 12 weeks 12 
• • 








l i f l 
Photo 3-1 The x-ray of the rabbit showing the closure of 
epiphysis (E) and proving that the rabbit is skelaterally 
mature. 
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3.2.2 Instabilization 
3.2.2.1 Reagents and Apparatus 
Anesthetic : Sodium pentobarbital (2.5%, w/v) 
2.5 g sodium pentobarbital was dissolved in 100 ml 70% ethanol. 
Antiseptics : Hibitane concentrate and 1% diluted Hibitane 
Hibitane concentrate ( chlorhexidine gluconate, 5%, w/v ) was 
purchased from ICI Pharmaceutical. 1% Hibitane was prepared by 
diluting 50 ml Hibitane concentration to 5 L with 70% ethanol. 
Nebacetin spray (Byk Gulden Konstanz ) 
Sterile syringe (10ml) ( TER UMO ) 
Winged infusion set(21G)( JMS ) 
Surgical apparatus: 
Scissors, scalpel, forceps, retractor and needle holders. 
Covering cloths and bandages : 
Covering cloths and bandages were sterilized by autocalving at 
1210C, 15 psi for 30 minutes and they were dried at 80OC overnight. 
Sterile surgical blade (PARAGON) 
Dexon polyglycolic acid suture, synthetic, absorbable, USP, 
3.2.2.2 Procedure 
The rabbits were anesthetized by injection of not more than 5 ml 
sodium phenobarbital anesthetic through the auricular vein. In the rest 
of the operation, the syringe containing anesthetic was left inserted in 
the vein with the aid of adhesive tape to fix the position of the wing 
infusion needle. Additional of anesthetic was injected during the 
operation when necessary. 
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The operative knee was chosen randomly. Hair of the whole thigh 
was cut, and the medial side of the knee was shaved and washed with 
diluted Habitan solution. The rabbit was then transferred onto the 
sterilized autoclave cloths (Photo 3-2 )• From then, the operation was 
under standard aseptic technique for general surgical operation. The 
naked leg was sterilized again with concentrated Habitan. Prior to the 
operation, it was made sure that the rabbit was totally unconscious by 
further injection of a minimum amount of anesthetic. 
A longitudinal incision of about 5 cm was made on the 
anteromedial parapatella in the experimental knee. The medial 
collateral ligament (MCL) was freed out from the connective tissue 
and severed ( Photo 3-3 ). The joint capsule was then opened with a 3 
cm longitudinal incision along the medial joint line. The patellar was 
laterally dislocated in order to give a better surgical exposure of the 
anterior cruciate ligament ( ACL ). Ligamentectomy of ACL was 
performed with great care, so that the nearby cartilage of the femoral 
condylar was not damaged ( Photo 3-4 ). Then, the medial meniscus 
was located and the one third of anterior was freed from the medial 
tibial plateau. Partial meniscectomy was then performed ( Photo 3-5 
3-6 ). Afterward, the patellar was repositioned. An anterior draw test 
‘ was performed to prove that the ACL was cut. Lastly, the capsule and 
‘ I 
skin were closed by running a polyglycolic acid ( Dexon ‘S ) suture 
I and silk suture respectively. Topical antibiotic Nebacetin was sprayed 
onto the operative site. The rabbit was kept warm with two sheets of 
dry cloths, and put back into the cage after its' return to consciousness. 
The post-operative rabbits were allowed to move freely in their 
cages until the time for their sacrifice, which was 6 or 12 weeks after 
the operation. Both the operated experimental knees and the non-
operated knees were dissected for gross, histological and biochemical 
assessments. The non-operated knees were used as the control group. 
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H|nra| 
Photo 3-2 Surgical position of the rabbit under the sterilized autocalve cloths. 
a l im 
i i i i n P i 
Photo 3-3 Ligamentectomy of Medial cruciate ligament (M). 
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UHl&i 
Photo 3-4 Ligamentectomy of an Anterior cruciate ligament (A), which located 
between the femoral condylar (C) and the tibial plateau (T). 
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Photo 3-6 The meniscectomy of the anterior one third of the meniscus. 
3.2.3 Immobilization 
3.2.3,1 Reagent and Apparatus 
Anesthetic : Sodium pentobarbital (2.5% w/v) 
2.5 g sodium pentobarbital was dissolved in 100 ml 70% ethanol. 
Sterile syringe (10 ml) ( TER VMO ) 
Winged infusion set ( 21G ) ( JMS ) 
Aluminum splint (ISti^Mx S mm) 
The aluminum splint was wrapped with several layers of gauze 
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was bent to curve back at the anterior one third to protect the distal 
end of the rabbi t leg f rom being hurt during the per iod of 
immobilization. 
Kob MEDIRIP Cohesive ( Karl Otto Braun Kg, W. Germany.) 
Scissors, adhesive tape and table clothes 
3.2.3.2 Procedures 
Each rabbit was anesthetized with 5 ml 2.5% sodium phenobarbital 
through the auricular vein administration ( Photo 3-7 ). The 
experimental knee, which was chosen randomly, was prepared by 
cutting the hair from the ankle through out the whole thigh. This was 
done in order to prevent the splint from slipping off during the period 
of immobilization. 
The aluminum splint was applied on the dorsal aspect of the lower 
limb, from the proximal end of the thigh to the distal end of the limb 
so that the extension of th knee was maintained. The splint was tied 
to the limb by 3 to 5 turns of the elastic cohesive bandage, Kob's 
MEDIRIP Cohesive. Care was taker! that the bandage was not too tight 
which would impair the circulation of the lower limb or directly damage 
the skin and muscle. Normal color of the skin and absence of edema 
\ 
was noted to indicate the proper tightness of the bandage. The knee 
joint was held straight in an extension position with a limit of mobility 
of less than five degrees ( Photo 3-8 ). The splinted rabbits were 
checked everyday to ensure the splints were not dislocated and that 
there was no complications such as ulcer or edema of the lower limb. 
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Photo 3-7 Position of the rabbit being anesthetized, inside a plastic cage (C). 
Photo 3-8 Position of the rabbit after immobilization and the apparatus used; 
elastic bandage (E) and aluminium splint (S). 
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3.3 METHODS OF ASSESSMENT 
The rabbits of different groups were sacrificed by the same 
technique. 10 ml of 2.5% sodium phenobarbital was injected through 
the auricular vein, additional amount of sodium phenobarbital was 
injected if necessary. 
After the skin was opened, a photograph of the knee joint was 
taken. The presence of atrophy of quadriceps, the inflammatory 
appearance of the joint and the increased growth of the conneptive 
tissue was recorded. Then, the capsule was opened carefully to avoid 
damage to the articular cartilage. 
‘ i 
The second photograph was taken. Thp general appearance of the 
capsule, the presence of hypertrophy of the capsule, the color and 
amount of the synovial fluid 
were noted. Both the medial and 
lateral femoral chondylars and 
the femora l -p la te l la jo in t / , 
(dotted area) were taken for \ / / 
morphological and histological 
assessment, while the cartilage (f .. : : ••;: 
on the tibial plateau (blacken ^ H ^ m m 
area) was taken for biochemical . ^ ^ ^ ^ ^ ^ ^ 
analysis (Figure 3-1 ). j \ f A t 
t 
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3.3.1 Gross structure comparison 
3.3.1.1 Gross mapping OA areas; 
Cartilage on both the distal femur and the proximal tibia was 
examined for a degenerated area, by Macheam's method. Homogen^QUS 
suspension of 1% carbon black and 99% distilled water was painted 
on the cartilage surface with a camel brush. The rough osteoarthritic 
area was stained black by the carbon bl^pk while the smooth mm-
osteoarthritic area was clear. Length (L) and width (W) of the ulcer 
area was measured by the goniometer under the dissecting microscope. 
The measured area was calculated according to the formula: L x W + 
2. While the location of each ulcer area was recorded in a worksheet 
with X and Y coordinates. ( Figure 3-2 ). Both the experimental and 
the control knees were recorded. 





The distal femur was removed and splitted sagittally, through the 
intra-condylar groove, into two parts by a saw. For decalcification, 
the two chondylars were put into a specimen bottle containing 10% 
formic acid formalin solution for more than 4 weeks. The solution was 
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Tissue processing : 
The medial and lateral femoral condylar were put separately into 
different metal cages. Then, the cages were put into the first jar of the 
automatic machine, the Histokinette 2000 28 ( photo 3-9 ) which 
contained 70% ethanol.lt was made sure that all the cages in the jar 
were under the desired level of ethanol. It took sixteen hours to h^vQ 
the whole tissue processing process finished. Therefore, the starting 
time of the machine was set to a time 16 hours prior to harvesting. 
Paraffin embedding: 
i 
After tissue processing the samples were embedded in paraffin 
I 
by the machine SYBRON Thermolyne 79 ( Photo 3-10 ). The hot 
plate was preheated for ten hours to allow the paraffin inside to melt 
thoroughly, so the machine was 
turned on the night before 
embedding. A metal molding 
and a plastic frame was needed 
for each paraffin embedding 
•II g> II 
block. The face of the sagittally 
spitted junction between the 
chondylars should be pressed ( 
onto the metal molding during 
the embedding process (Figure 
3-3 )• As a result, the sagittal “ 
sections of the condylar sample — . 
could be obtained. F/g. 3-3 Pressing the spitted surface onto 
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Histological dissection: 
According to the results on the gross mapping, the histological 
dissection was taken sagittally from each ulcer area of the sample by 
the machine Biocut 6 ( Photo 3-11 ). Four sets of histological slides 
were made in each sample, one for Hematoxylin & Eosin staining, one 
for Safranin O staining and the rest for spare. In each set of slides, at 
least three sections on different levels of the ulcer areas were taken, 
separated by 1 mm. When the ulcer area was larger than 2 mm in width, 
more than three sections were taken from that ulcer area. Each section 
was then given a code number. 
_ -
Photo 3-9 The Histokenette 2000, many jars containing different solutions. 
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^ ^ ^ 
Photo 3-10 The SYBRON Thermolyne containing a hot plate (H) & freeze plate (F). 
Photo 3-11 The Biocut section dissecting machine. 
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Staining technique and procedure: 
3.3.2.1.1 Hematoxylin & eosin stain 
1 ) Deparaffinized by two changes of xylene every 5 minutes, and 
hydrated to water from absolute alcohol, 90% ethanol, 75% ethanol 
and than distilled water, each step took two to three minutes, 
2 ) Stained with Hematoxylin solution for 7 to 14 minutes. 
I I 
I 3 ) Washed in running water for 2 minutes. -
4 ) Dipped into the acidic alcohol for 1 second and immediately 
further wash with running water for 1 minute. 
5 ) Fixed in Scott tape water for 4 to 5 minutes. 
6 ) Stained the second dye, the eosin dye for 3 minutes. 
7 ) Dehydrated the section from water to 40% ethanol to 70% then 
95% and finally absolute ethanol. The whole procedure was a 
destaining process; therefore it should be done within 1 minute. 
Then it was put into the second absolute ethanol for 5 minutes 
and lastly, put in xylene for a further 5 minutes. 
8 ) Mount the cover slide by using resinous medium before the sample 
section was dried. 
3.3.2.1.2 Safranin O & Fast green stain 
The procedure was described by Lillie RD in 1953. 0.001% Fast 
green solution and 0.1% Safranin O solution were used 40, 41. 
1 ) Deparaffinized and hydrated to water as H & E staining. 
2 ) Stained with 0.1% Safranin O solution for 5 minutes. 
3 ) Dipped into the distilled water until there is no excess dye was 
coining out from the section. 
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4 ) Stained in a fast green solution for 5 minutes. 
5 ) Rinsed quickly with 1% acetic acid solution for no more than five 
seconds, since this is a destained process of fast green dye. 
6 ) Dehydrated and cleared with 95% ethanol, absolute ethanol m d 
xylene, using 2 changes each, 2 minutes each. 
7 ) Mounted using resinous medium. “ 
Histological scoring: ^ 
The stained sections were then examined under a microscope and 
scores were taken and recorded according to the Mank in ' s 
histochemical scoring system ( Table 3-3 ). The section slides were 
examined blindly using a code numbering in order to remove the bias 
of the examiner. 
Table 3-2 Mankin's histochemical score 
structure Safranin O staining 
Normal 0 Normal 0 
Surface irregularity 1 Slight reduction 1 
Pannus & irregularity 2 Moderate reduction 2 
Cleft to transKional zone 3 Severe reduction 3 
( 
Cleft to radial zonq 4 No dye noted 4 
Cleft to calcified zone 5 . 
I ‘ 
I complete disorganized 6 
Cells Tide-mark integrity 
Normal 0 Intact 0 
Diffuse hypercellgrity 1 Crossed by blood vessel 1 
Cloning 2 
Hypocellularity 3 
. — - . . , — 
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3.3.3 Biochemical assessment 
3.3.3.1 Water content; 
Water content of the cartilage was determined by the modified 
Simon's method 79. The cartilage of the tibial plateau was removed 
separately from the experimental knees and the control knees. The 
cartilage was blotted dry by gauze to remove the excess water on the 
surface, and diced into small pieces about 1 mm^ in size within a 
humidified box ( Photo 3-12 ) . The fresh cartilage was put into a pre-
weighed Eppendorf, and the cap was closed immediately to minimize 
the loss of water during the process. The wet weight and the Eppendorf 
were measured by an electric balance, the Mettler AE 160 54. The 
sample should at least weigh 50 mg to minimize error. Then, the cap 
was opened and covered with the Eppendorf with parafilm in which a 
few holes were pinned with a needle to allow the water vapour to come 
out during lyophilization. The samples were subjected to lyophilization 
for at least 16 hours in the Freeze Dryer 8 LABCONCO 25 ( Photo 
3-13 ). Finally, the dried sample was re-weighed and the water content 
was calculated according to the formula below: 
\ 
Water c o n t e n t = ( WI - W2 ) + { Wi - Wq ) x 100% 
Wo weight of empty Eppendorf 
Wi : weight of fresh cartilage + Eppendorf 
W2 weight of dried cartilage + Eppendorf 
f • 
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Photo 3-12 Removal of the cartilage of tibial plateau (C) inside a humidified box. 
i w 
Photo 3-13 The lyophilizer, Freeze Dry 8, LABCONCO. 
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3.3.3.2 Proteoglycan content 
In order to save the sample, after the results of the water content 
were recorded, the lyophilized anhydrous cartilage was used to 
determine the proteoglycan content. The modified Bollet's method 9 
was utilized to extract uronic acid from the cartilage, whereas the uronip 
acid concentration was determined by applying the c^rbazole reaction 
described by Bitter and Muir in 1963 7. Chondroitin-6-sulfate (C-6-S) 
was used as the standard. 
3.3.3.2.1 Reagent 
. 
Sulfuric acid ( 6 mol/l) 
This was prepared by adding 32 ml of 95-97% sulfuric acid, with 
t ‘ • • 
a specific gravity of 1.84 ( analytical grade ) and 68 ml of deionized 
distilled water. This was placed in a cool environment to ensure that 
the reaction was gradual and complete. 
Sodium tetraborate (0,025 mol/l) 
* 
0.9535 g of sodium tetraborate was dissolved into 100 ml of 
sulfuric acid with a specific gravity of 1.34 (analytical grade). 
Carbazole (0.125%) 
0.125 g carbazole was dissolved in 10 ml/1 absolute ethanol. 
Chondroitin 6 sulfate standard ( 5-160 fig/ml) 
Prepared by dilution to 13 grades concentration with 6 mol/l 
sulfuric acid. 
3.3.3.2.2 Procedure ; 
Extraction: 
The pooled and lyophilized dried cartilage sample was hydrolyzed 
by putting it into a grass tube which contained 3 ml of 2 N HCl. The 
49 
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tube was heated in a boiling distilled water bath for 2 hours. Then, 
the tube was cooled and centrifuged at 3500 rpm for 15 minutes at 
room temperature. The supernatant was got and diluted to 1 : 5 before 
detection. 
Detection: 
i ) 1.5 ml of sodium tetraborate reagent was placed into a 10 ml 
grass tube with a Teflon stopper and cooled to 4^0. 
ii ) 0.25 ml of sample were carefully layered onto the sodium 
tetraborate reagent. The tube was closed and shook at first 
gently for 1 minute, then vigorously by vortex for 15 minutes 
with constant cooling. 
iii ) Heated the tube for 5 minutes in a vigorously boiling distilled 
water bath and then cooled it to room temperature. 
iv ) 0.05 ml of Carbazole reagent was added, the tube was shook 
again, heated in a boiling water bath for a further 5 minutes. 
And it was cooled back to room temperature. 
V ) The sample was put in a 1 ml disposable cuvette, Halbmikro. 
The absorbance (A) was then read at 530 mu through a 
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3.3.3.2,3 Standard curve 
The standard chondroitin-6-sulfate ( C-6-S ) was diluted into 13 
concentration grades by using 6 mol/1 sulfuric acid in 13 eppondorfs, 
f 
each standard sample was examined by the method described above. 
A standard curve was plotted with a concentration of C-6-S against 
absorbance ( Figure 3-4 ). 
Values of the Proteoglycan content, in the form ofUronic acid, of 
different samples, were calculated by transforming the Absorbance 
measured to concentration value through the formula obtained in the 
standard curve. The units were expressed in pg / mg of dry weight of 
sample. 
A b « o r b » n o <» X O.01 
y 2 . 3 6 3 4 -*- O , 6 O 3 5 X 
I r-32 — O . Q 7 S O 
1 
4 0 - J 
2 0 — _ Z 
J 
1 0 ^ r^Z CSD C o l u m n 3 
O f I I • I I I • I ' I ' I ' I ' I ' I ' I ' f^ 
o 10 2 0 3 0 4 0 a o 6 0 7 0 a o q o 1 0 0 110 
o o n c o o t m t l o n < m m/ mo > 
Figure 34 The standard curve ofchondroitin-6-sulfate under wavelength 530 mu, 
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3.4 METHODS OF STATISTICAL ANALYSIS 
The statistical results were analyzed by SPSS for Window, 
Release 5.0 ( © SPSS Inc., 1989-1992.). 
I 
/ c 
Other than the ordinary descriptive statistics which included the 
mean and standard deviation, interfrential statistics was also us^d. 
Wilcoxon Matched-Pair Signed-Ranks Test was used to compare the 
differences of experimental knees to the control knees. Oneway 
ANOVA was computed to evaluate the differences between all the 
experimental groups and the control groups. If there were significant 
difference between some of the groups inside the comparison, the 
Tukey-B Test would be applied to examine which pairs of groups 
contribute to the difference. In comparing the interaction effects of 
the two methods ( immobilization vs instabilization ) or that of the 
two durations ( 6 weeks vs 12 weeks ) two-way ANOVA ( ANOVA 
Models ) was used. Finally, the correlations between the gross OA 
area, Mankin's score, water content and the proteoglycan content were 
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3.5 RESULTS 
3.5.1 Gross morphology 
3.5.1.1 General appearance ; 
After sacrificing the rabbit, the joint capsule was opened. The 
general appearance of the knee joint was noted, and a photograph was 
taken. -
In the group of immobilization for 6 weeks ( L6 ) there was a 
slight increase in synovial fluid. The atrophy of the muscle or tendon 
was not obvious, while some small pitting or ulcer could be seen on 
1 
the distal aspect of the medial femoral condylar. In the group of 
immobilization for 12 weeks ( L12 ) an increased amount of synovial 
I fluid was more severe, the atrophy of patellar tendon was obvious, 
and there was larger and deeper ulcer areas on both the lateral and 
medial femoral chondylars, In the 6 weeks instabilization group ( S6 
) similar osteoarthritic conditions were seen as the L12 group, however, 
there was more fibrous connective tissue around the joint capsule. The 
medial condylar was more severe than the lateral one. In the 12 weeks 
instabilization group ( S12 ) a severe increase of synovial fluid could 
be observed ( Photo 3-15 ). It was even worse in one third of rabbits 
where the synovial fluid had turned yellowish and cloudy. The capsule 
was very thick and adhesion with the fat pad could be seen. Spur and 
chondrophyte could be found on the femoral condyles, very large and 
deep ulcers could be seen. Some ulcers were so deep that subchondral 
bone had appeared. There was new vasculisatxon around the capsule 
and on the inferior part of the medial femoral condylar. There was 
little change in the control knees of the above three groups of rabbits 
except for the 12 weeks instabilization group. Mild osteoarthritic 
change could be seen in the control group of the immobilization for 12 
54 
Degeneration of Cartilage Result 
weeks ( L12C )• We had recorded all the features above and taken 
photographs, however, scientific quantification of the above findings 
was very difficult. No statistical results could be drawn from the above 
changes. 
Photo 3-15 General appearance of the gross morphology ofS1 rabbit in S12 
group. The left side is the experimental sample and right side is the control 
sample. Spur(S) was found on the femoral condylar, and the capsule (C) was 
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3.5.1.2 Gross osteoarthritic area 
The results of the measured gross osteoarthritic area ( OA )of the 
ulcers on both chondylars of different groups of rabbits is in table 3-
3, and figure 3-5. 
Table 3-3 Mean value and standard deviation of gross osteoarthritic r ea 
in different groups of rabbits. 
• Z . 
\ 
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Figure 3-5 Mean and S.D. of the gross OA area of different groups of rabbits, 
r 
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By using the Wilcoxon Matched-Pair Signed-Ranks Test, it was 
found that the gross OA area had a significant difference between all 
the experimental groups and their control knees, at a p < 0.05 level. 
Table 3-4 Result of Wilcoxon Test comparing the experimental to control sides 
of different group of rabbits in gross osteoarthritic area. 
0A-L6W vs 0A-L6WC 2-Tailed P = 0.0001 
0A-L12W vs 0A-12WC 2-Tailed P = 0.0007 
0A-S6W vs 0A-S6WC 2-Tailed P = 0.0008 
OA-SI2W vs 0A-S12WC 2-Tailed P = 0.0022 
I .__ I • I I •• •• “ .•."._ ........- .'. .__.. - . • - . • -. . -
By using the Oneway ANOVA it was shown that there were 
significant differences in the gross OA area ( OA ) among the 4 
experimental sides. F ( 3, 58 ) = 70.7931 p < 0.0001. We further 
tested the samples with the Tukey-B Test and the result are shown in 
Table 3-5. ‘ 
Table 3-5 Tukey-B Test, showing the corresponding groups of experimental 
knees having a significant difference, as indicated by "X 
\ 
Mean values Group of rabbits L6W L12W S6W S12W 
28.8520 L6W 
64.4293 L12W X 
. 88.1127 S6W X X 
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I ‘ 
By using the Oneway ANOVA, it was shown that there were 
significant differences in gross OA area ( OA ) among the 4 control 
sides. F ( 3 58 ) = 43.3398 p < 0.0001. The Tukey-B Test was complete 
to find out which group contributed to the difference. The results are 
presented in Table 3-6 : * 
Table 3-6 Tukey-B Test, showing the corresponding groups of control kn_ 
having a significant difference, as indicated by “X “. 
Mean Group of rabbits L6WC L12WC S6WC S12WC 
7.3960 L6WC 
11.6187 L12WC 
30.5400 S6WC X X 
55.1333 S12WC X X X 
fc——• • I — 1 1 T , — II I -'“― —•iiii ‘ I " " " ' ‘ “ “ ‘ “ . 1 ‘ . : • . ' • . 
When the two methods (immobilization vs instabilization ) and 
the two durations ( 6 weeks vs 12 weeks ) on the experimental knee ( 
were analyzed, Two-way ANOVA ( Analysis of Variance ) showed 
that there was no significant interaction effect between the different 
methods and durations, F(l , 58) = 1.482 p> 0.05. Moreover, there 
were significant main effects between the two methods, F ( 1, 58 ) ; 
149.429, p < 0.001; and there was also significant main effects between 
the two durations, F ( 1, 58 ) = 61.236, p < 0.001. It implied that the 
instabilization method could create a larger OA area than the 
immobilization method, and with the longer the duration of the 
experiment, the more severe the osteoarthritic condition. 
I 
58 , 
I I . 
I ‘ 
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3.5.2 Histological results 
I 
3.5.2.1 Histological appearance 
The raw results data of Mankin's score ( M K ) of different group? 
of rabbits was recorded in Appendix 1 while the mean and the standard 
deviation were summarized in table 3-7 below and in figure 3-6. 
Table 3-7 Mean value and standard deviation of Mankin's score in different 
groups of rabbits. 
L6W L6WC L12W L12WC S6W S6WC S12W S12WC 
Mean 6.70 1.00 10.67 2.00 10.80 4.40 12.83 5.17 
S.D. 0.66 0.79 1.99 1.65 1.47 0.99 1.59 2.04 
I ‘ • . • 
MY], “ 
• MEAN f T -
1 • S.D. ^ 
« 1 0 -W O 0 
w 8- ( 
I ^ ^ 
1 
4- M . 
B - T ^ - fc- ^ fc i t 
J J C/) c / ) -
Different groups of rabbit 
Figure 3-6 Mean and S.D, of Mankin's score of different groups of rabbit 
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In L6 group fibrillations were frequently seen and with some clefts 
down to the transitional zone of the cartilage. The chondrocyte showed 
hyperactivity with moderate loss of the Safranin O staining ( Photo 3-
16 3-17 ). The tidemark was clearly seen and without disturbance. 
The cartilage in this group showed a moderate degeneration of cartilage 
with a mean Mankin's score of 6.70. In L12 group, deeper clefts were 
seen down to the radial zone of the cartilage. Cloning was seen ( Photo 
3-18 ) and there was severe lost of Safranin O dye. The tidemark was 
still intact. This group gave a mean Mankin score of 10.67 which 
represented the severe grade of degeneration. In the instabilization 
group, the degeneration of cartilage was quite severe in S6 group, with 
clefts went down to the radial zone and hypocellular was seen. There 
was severe lost of Safranin O dye and in two out of fifteen rabbits 
tidemark continuity were interrupted. The S6 had a mean Mankin's 
score of 10.80 which indicate a severe stage of degeneration similar 
to that of the L12. In the S12 group, the most severe degeneration of 
cartilage was seen. The clefts went down into the subchondral bone, 
or even whole layer of cartilage was torn off ( Photo 3-19, 3-20 ). The 
chondrocyte were completely disorientated and the tide mark was 
interrupted. Almost no Safranin O dye was left in the degenerate 
cartilage. The S12 group had a mean Mankin's score of 12.83 which 
represented the severe stage of degeneration of cartilage. 
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Photo 3-16 The cloning (C) of chondrocyte in cartilage. X100 H&E stain. 
.1 
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Photo 3-17 Histological slide showing the hypercellular ( Hp ) of 
chondrocyte,and two clefts (C) went down the transitional zone of cartilage. 
X100H&E stain. 
wUBimm 
H H ^ B I H ^ H S H I ^ H ^ B 
Photo 3-18 The mile loss of Safranin O dye on the same slide of photo 3-17. 
XI00 Safranin O stain. 
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Photo 3-19 The severe stage of degeneration of cartilage, with a loss of 
whole layers (L) of cartilage and the exposure of subchondral bone. The 
tide mark was interrupted. x65 H&E stain 
Photo 3-20 The same slide of photo 3-19 showed a total loss ofSafranin O 
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By using Wilcoxon Matched-Pair Signed-Ranks Test, it was found 
that the Mankin's score ( MK ) had a significant difference p< 0.05 
among all the experimental groups and their control knees. 
Table 3-8 Result of Wilcoxon Test comparing the experimental to control side 
of different group of rabbits in Mankin 's histochemical score. 
MK-L6W vs MK-L6WC 2-Tailed P = 0.0001 
MK-L12W vs MK-12WC 2-Tailed P = 0J3007 
• MK-S6W vs MK-S6WC 2-Tailed P = 0.0007 
MK-S12W vs MK-S12WC 2-Tailed P = 0.0022 
By using the Oneway ANOVA, it was ^hown that there were sig-
nificant differences in the Mankin's score (MK) among the 4 experi-
mental sides, F ( 3 58 ) = 52.2743, p< 0.0001. The Tukey-B Test 
was executed to evaluate the finding. The results of the Tukey-B Test 
were shown in Table 3-9 : • 
Table 3-9 Tukey-B Testshow in the corresponding groups of experimental 
knees having a significant difference, as indicated by "X “• 
• • 1 
Mean values Group of rabbits L6W L12W S6W S12W 
6.7000 L6W 
10.6667 L12W X 
10.8000 S6W X 
12.8333 S12W X X X 
P I 1 i 
. 1 ‘ 
i 
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By using the Oneway ANOVA, it was shown that there were sig-
i 
nificant differences in Mankin's score ( MK )among the 4 control 
groups, F ( 3 58 ) = 31.7958, p< 0.0001. The Tukey-B Test was 
calculated to find out which groups were different. The results were 
displayed in Table 3-10 : 
Table 3-10 Tukey-B Test, showing the corresponding groups of control knees 
having a significant difference, as indicated by "X 
j~ 1 I • y I I =1 
Mean Group of rabbits L6WC L12WC S6WC S12WC 
1.0000 L6WC 
2.0000 L12WC 
4.4000 S6WC X X 
5.1667 S12WC X X 
When the two methods ( immobilization vs instabilization ) and 
the two durations ( 6 weeks vs 12 weeks ) on the experimental knees 
were analyzed, Two-way ANOVA ( Analysis of Variance ) was used. 
\ 
It showed that there was significant main effect between the two 
methods F ( 1,58 ) = 70.242, p< 0.001. and there was also significant 
main effect between the two durations, F ( 1 58 ) = 64.391, P < 0.001. 
It implied that the instabilization method could create a higher 
Mankin's score than the immobilization method, and the longer 
duration period of the experiment, the more severe the osteoarthritic 
condition. 
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3.5.3 Results of biochemical assay 
3.3.3.1 Water conten t : 
The results of the water content ( WC ) of different groups of 
rabbits are in Appendix 1 the mean and the standard deviation re 
summarized in Figure 3-7. It was found that with the increased severity 
of osteoarthritis, the water content increased from mild to severe 
degeneration, from a mean .value of 70.44% to 72.32%. However, it 
decreased in the very severe degeneration stage, to a mean value of 
64.15%. 
7 4 / 1 1 
7 2 - Z z Z Z T l — 
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Different groups of rabbit 
Figure 3-7 The Mean and the standard deviation of water content in different 
groups of rabbits. 
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By using the Wilcoxon Matched-Pair Signed-Ranks Test, it was 
found that the water content ( WC ) of the cartilage had a significant 
difference (p<0.05 ) between the three experimental groups vs their 
control groups; L6 vs L6C, L12 vs L12C and S6 vs S6C. However, 
there was no significant difference (p>0.05 ) between the experimental 
group (WC-S12) and its control group (WC-S12C). The results are 
shown in table 3-11 below. 
Table 3-11 Results of the Wilcoxon Test comparing the experimental to the 
control sides of different groups of rabbits on water content 
WC-L6W vs WC-L6WC 2-Tailed P = 0.0001 
WC-L12W vs WC-12WC 2-Tailed P 0.0007 
WC-S6W vs WC-S6WC 2-Tailed P = 0.0007 
WC-S12W vs WC-S12WC 2-Tailed P = 0.4802 
By using the Oneway ANOVA, it was shown that there were 
significant differences in the water content ( WC ) among the 4 
experimental sides F ( 3, 58 ) = 11.0634 p< 0.0001. The Tukey-B 
Test was employed to futher find out the groups that were significantly 
different from one another. The results are presented in Table 3-12 : 
Table 3-12 The Tukey-B Test, showing the corresponding groups of 
experimental knees having a significant difference, as indicated by "X". 
Mean values Group of rabbits L6W L12W S6W S12W 
70.4413 L6W “ 
71.0689 L12W 
72.3160 S6W 
64.1517 S12W X X X 
67 
Degeneration of Cartilage Result 
By using the Oneway ANOVA it was shown that there was no 
significant difference in water content among the 4 control groups, F 
(3,58) = 2.0483, p> 0.05. 
When the two methods ( immobilization vs instabilization ) and 
the two durations ( 6 weeks vs 12 weeks ) were analyzed, the Two-
way ANOVA was utilized to compare the experimental knees. The 
test showed that there was a significant main effect between the two 
methods, F ( 1 58 ) 8.327 p< 0.01. Moreover, there was also a 
significant main effect between the two durations, F ( 1, 58 ) = 15.984, 
p< 0.001. It implied that the instabilization method could create a higher 
value of water content than the immobilization method, and a longer 
duration of the experiment would result in a more severe osteoarthritic 
condition. Moreover, it can be seen from the significant figures that 
the time factor was more important than the different methods used to 
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3.5.3.2 Results of proteoglycan content 
The results of the proteoglycan content ( GAG ) was in Appendix 
1 while the summary of the mean values and the standard deviation 
are in figure 3-8 below. 
^ mean ~ — 
concentration in ^ ^ 
—I=HI 
Control L6W L12W S6W S12W 
,Different groups of rabbit 
•V*. 
Figure 3-8 Summery of the mean and the standard deviation of proteoglycan 
content in different the groups of rabbits. 
It was shown that in group L6 which was considered to have a 
moderate degeneration of cartilage according to the gross OA area 
and Mankin's score, also had a decrease in proteoglycan in the control 
knee, from a mean value of 36.91 to 30.66. With the progression of 
osteoarthritis, in a severe stage for groups L12 and S6, the mean values 
decreased to 22.80 and 27.57 respectively. In the most severe 
degeneration group, S12 the mean value of the proteoglycan content 
was only 19.18. According to the standard deviation, the L6 group 
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By using the Wilcoxon Matched-Pair Signed-Ranks Test, it was 
found that the proteoglycan content of the cartilage had a significance 
difference between all the experimental groups and their control groups 
at p < 0.05 level. The results was shown in table 3-13 below. 
Table 3-13 Result of the Wilcoxon Test comparing the experimental to the 
control sides of different groups of rabbits on proteoglycan content. 
GAG-L6W vs GAG-L6WC 2-TaiIed P 0.0002 
GAG-L12W vs GAG-12WC 2-Tailed P = 0.0008 
GAG-S6W vs GAG-S6WC 2-Tailed P = 0.0022 
GAG-S12W vs GAG-S12WC 2-Tailed P 0.0022 
By using the Oneway ANOVA, it was shown that there was a 
significant difference in proteoglycan content ( GAG ) amongst the 4 
experimental sides, F (3 58) = 15.6432 p< 0.0001. The Tukey-B 
Test was calculated and the results are shown Table 3-14: 
Table 3-14 The Tukey-B Test, showing the corresponding groups of 
experimental knees having a significant difference, as indicated by "X 
Mean values Group of rabbits L6W L12W S6W S12W 
30.6570 L6W 
22.7953 L12W X X 
27.5747 S6W 
19.1783 S12W X X 
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By using the Oneway ANOVA, it was shown that there was a 
significant difference in the proteoglycan content ( GAG ) amongst 
the 4 control groups, F ( 3, 58 ) = 3.3747, p< 0.05. The Tukey-B Test 
was aplied to assess the groups that contributed to the overall significant 
difference. The results are outlined in Table 3-15 : 
• . * ‘ • . 
Table 3-15 The Tukey-B Test, showing the corresponding groups ofcontrgl 
knees having a significant difference, as indicated by "X “• 
Mean Group of rabbits L6C L12WC S6WC S12WC 




33.2450 S12WC X 
— 
The Two-way ANOVA (Analysis of variance ) was used to com-
pare the effect of the two methods (immobilization vs instabilization ) 
and the two durations ( 6 weeks vs 12 weeks ) on the experimental ( 
knees. It showed that there was no significant interaction effect be-
tween the different methods and the durations, F ( 1 58 ) ; 0.043, p> 
0.05. There was a significant main effect between the two methods, F 
( 1 58 ) = 6.690 p< 0.05; and there was also a significant main effept 
between the two durations, F ( 1 58 ) = 39.4 p< 0.001. It implied that 
the instabilization method could create a lower value of proteoglycan 
I 
content than the immobilization method, and a longer duration would 
lead to a more severe osteoarthritic condition. 
71 
• • ‘ ‘ • , 
•« ‘ • I ‘ ‘ ‘ . . 
( 
• • • ‘ j i .. 
. . . . . 
‘ I i • 
.' ’ ‘ . . i , , 
• . . . i 
I 
Degeneration of Cartilage Discussion 
3.6 DISCUSSION 
In the present experiment, both the methods were proved to cre-
ate a degenerative change of cartilage that resembles the osteoarthritic 
jbitit diseases in humans. The results confiirmed with that of previous 
f e s e a i - c h l 8 . 2 6 , 5 1 , 6 6 , 8 6 , 9 0 . 
The degenerative changes of osteoarthritic joint diseases are 
continuous process without clearly defined borders at all stages. 
Therefore, establishing a scoring system to give a more complete 
N measurement of the degree of the degeneration is very important. In 
the present study both the morphological and biochemical parameters, 
which include the gross OA area, Mankin's histological score, water 
content and the proteoglycan content, and the correlations between all 
the parameters were discussed. 
• , ‘ 
Relation between gross OA area, Mankin's 
score water and GAG content: 
The relation between the gross OA area and the Mankin's score 
is in Fig. 3-9. The increase of the Gross OA area was directly 
proportional to the increase of Mankin's score. This showed that in a 
progressive degeneration of cartilage, the ihcreased area of the ulcer 
was directly proportional to the depth increased of that lesion. However, 
Sihee the Mankin's score was limited at a maximum value of 14 the 
Curve was flattened for the OA areas exceeding 60 mm2 or with a 
Maiikin's score beyond 10. This implied that the relation between the 
gross OA area and the histological findings in mild to moderate 
dsted^rthritis was more significant than that of the severe stage. 
Morphologically, the area of the degenerative lesions were 
measured as OA areas, while the depth of the lesion was measured as 
…’ ‘ | 
. I 
• ‘ . ‘ I 
I • ‘ , 
. ‘ ( 
{ 
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a Mankin's score. When the degeneration process was progressing, 
the increase of the areas of the lesions were directly proportional to 
the depth of the clefts. This was indicated by the directly proportional 
correlation between the results of gross OA areas and the Mankin's 
scores. However, when the degree of degeneration was higher than 10 
according to the Mankin's score, the correlation curve flattened out. 
This could be explained by the limitation of the Mankin's score, that 
it only measured the depth of the deepest clefts in an ulcer lesion. In 
cases of very severe degeneration with more than one cleft or with the 
tearing of the whole layer of a radial zone, Mankin's score can not 
give an accurate comparison of the widths of the lesions, therefor^, 
the correlation curve flattened out. This implied that the Mankin score 
was a suitable parameter for comparing the mild to moderate 
degeneration of cartilage, but not suitable for comparing the 
degeneration of cartilage that was too severe, for instance in the S12 
group in the present study. 
3.6.2 Relation between gross OA area and 
proteoglycan content 
When the gross OA area was compared with the proteoglycan 
pontent which was represented by the uronic acid concentration in the 
cartilage, a linear curve of inverse proportion was obtained ( figure 3-
10 ). It suggested that with an increase in degeneration of cartilage, 
the loss of proteoglycan was parallel to the severity of the ulcer are 
on the cartilage. This indicated that the progress of osteoarthritic change 
leads to the decrease of the proteoglycan content of the cartilage. 
These results were supported by the previous studies 23, 48 50 51, 
66 93 This explained, firstly, with the progress of the degeneration 
of cartilage, the collagen network was destroyed and the bonding force 
between the proteoglycan and the collagen decreased. Secondly, the 
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hyaluronidase-like enzyme found in the synovial fluid during the 
inflammatory process of the synovial membrane could digest the 
unprotected proteoglycan. The third reason was the death of thp 
chondrocyte, that synthesizes the GAG, in the progress of the 
degeneration. These lead to the loss of the proteoglycan 13,48,49, 50 
3.6.3 Relation between Mankin's score & water content 
The results of the corelation between the Mankin's score and the 
water content were plotted in the Figure 3-11. It showed that the 
increase of the water content of the cartilage was directly proportional 
to the increase of the Mankin's score, from the mild degenerative stage 
of a below 5 score to the severe stage of scores above 10. However, 
when the degeneration of 
the cartilage proceeded to 
a very severe stage, with 
• • . J ‘ 1 
a Mankin's score above 90 - | 
^ ^ - - ^ , I fi? W « l » f c p n i t n t 
12 the value of the water .1 , - ,3.11,2. UBO^. • , - : 
J • 0.0269x'3 rz • 0.4365 
content decreased. And ” 
80 - a 
above score of 12, the , 
! 
changes in the value of the ' «• a ( 
» 1 H I 
water content were 70 - | a%s § \2 
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Figure 3-11 Relation — 
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and the water content 
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The direct proportional relation between the Mankin's score and 
the water content showed that with the increase in severity of the 
degeneration of the cartilage, the water content of the degenerated 
cartilage also increased. The present results were supported by the 
other researchers 63 10 43 50-52, 52, 59. The reasons for the 
increase of the water content can be explained as follows. 
Firstly, the water in the cartilage is in the form of a proteoglycan-
collagen gel. While the collagen is a more effective gel-former than 
proteoglycan. The removal of the proteoglycan in the process of 
degeneration of the cartilage from the binding sites of the collagen 
fibre leads to the formation of a gel which holds more water. 
Secondly, the collagen not only forms a gel, but also binds the 
water loosely on the surface. With the removal of the proteoglycan, 
there is increased hydrogen bonding to the surface of the fibre which 
was previously occupied by the proteoglycan. This increases the water 
content of the cartilage. 
The third reason is that with the damage to the collagen network, 
the network can no longer resist the swelling pressures of the matrix, 
so more water then trapped in the degenerated framework 73, 53 
The last reason is suggested by Nimni 65 that the type I collagen 
fibre has a higher affinity for water, therefore, in the healing cartilage ( 
which contains more than 90 % of the type I collagen, water content 
is increased. 
The other very important results discover above the water content 
in the present experiment was the decrease in water content in the 
very severe stage of degeneration of cartilage, with a Mankin's score 
beyond 12. The previous study of Lipschultz 43 suggested that the 
water content varies according to the distance to the surface of the 
cartilage. Venn 91 found that in osteoarthritic degenerated cartilage 
sample, the water content was highest in the middle zone of the 
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cartilage. Muir a4 demonstrated that in the loss of the water-rich zone 
of the cartilage in the very severe stage, a false decrease of water 
content could be obtained. 
3.6.4 Relation between Mankin's score & proteoglycan 
content: 
The uronic acid concentration, which represented the proteoglycan 
content of the cartilage was inversely proportional to the Mankin's 
score in figure 3-12. The relation was not a linear graph as that showed 
above in figure 3-10 between the uronic acid concentration and the 
gross OA area. It was because the Mankin's score had some limitations 
in identifying the very severe stage of degeneration of cartilage, which 
was discussed in the above section. 
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Figure 3-12 Relation between Man kin 's score and the 
uronic acid concentration. 
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3.6.5 Comparison of the different parameters in 
different groups of rabbits 
The gross appearance of the experimental joints were obvious and 
significantly different from the control knees, with an increase of 
synovial fluid, a hypertrophy of the capsule and an atrophy of the 
patella tendon, pitting, ulcers and spurs were observed on the surface 
of the femoral condyle. The result was similar to the osteoarthritic 
diseases in humans, as observed in the studies of the pathology of 
joints. Therefore it proved that both the immobilization and the 
instabilization methods for a certain period of time, of morp than 6 
weeks, could produce an osteoarthritic change in gross appearance 
similar to that in human joints. 
When morphological and biochemical readings were compared, 
all the experimental joints showed significant differences with their 
control knees, p< 0.005 with the exception of the water content of the 
group S12,p = 0.4802. Thi^ could be explained that in the very severe 
stage of OA produced by the instabilization method for 12 weeks, the 
drop of water content made the experimental side no different from 
their control side. On the other hand, when all the control sides were 
compared, the control sides of the immobilization groups had no ^ 
significant difference from one another, p< 0.05, while in the 
instabilization groups, there were significant differences between the 
S6C and S12C (Table 3-7 ). It was due to the fact that theS12C group 
has a significant degeneration change in the control grpup. This 
indicated that the instabilization for 12 weeks group did not have a 
normal control group for comparison, and it was not a suitable model 
for monitoring the results of different treatments in the second part 
of our experiment. 
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Firstly, morphological results of the gross OA area (Figure 3-13) 
and Mankin's score (Figure 3-14) were compared. The present 
experiment showed that the instabilization method could create more 
severe degenerative condition than the immobilization methods p < 
0.001. In the 6 week groups, L6 resulted in an ulcer OA area of 
28.85mm2, s.d.3.32, and a Mankin's score of 6.70 s.d.0.66, which 
was significantly lower than that of the S6 group with an OA area of 
88.11mm2, s.d.21.98 and a Mankin's score 10.80 s.d.1.47 at p< 0.05 
level. In the 12 week groups, L12 resulted in an OA area 64.43mm2, 
s.d. 13.48, and a Mankin 's score of 10.67 s.d. 1.99, that was 
) significantly lower than the result of the S12 which had results of an 
OA area of 136.80 s.d.37.78 and Mankin's score of 12.83, s.d. 1.59 
at the p< 0.05 level. It may be explained by the fact that the 
instabilisation method involved the opening of the joint capsule which 
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Fig- 3-13 The mean and the standard deviation of Gross OA area in Part I 
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process of the anterior cruciate ligamentectomy may have damaged 
the cartilage surface, especially in the intracondylar regipn. Thirdly, 
the ligamentectomy may have led to the formation ofhaem^toma which 
further damaged the cartilage surface. Therefore, the instabilization 
method can create a more severe degenerative model than the 
immobilization method under the same time duration experiment. 
When the time duration of the experiment was compared, the 
longer period of 12 weeks in the experiment could create a more severe 
osteoarthric degeneration than the shorter period of 6 week at the 
level P < 0.001. These results proved that osteoarthritis is a continuous 
process that with an injury of longer duration, the severe stage of 
degeneration occurs. 
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According to the classification of degeneration of cartilage stated 
by Mankin 51 and Patellier 66 the present results indicated that only 
the group L6 could provide a model of moderate degeneration of 
cartilage (score < 10 ), while the other three provided models of severe 
degeneration. In addition, in the present experiment, morphological 
parameters were proven to be very useful. 
Secondly, the biochemical results of the water content (Fig 3-15) 
and the proteoglycan content (Fig 3-16) were compared. In the water 
content results, only S12, with a mean result of 64.15 % s.d.4.96, was 
significant lower than the results of the other groups at the level of P < 
0.05. The differences between the other three groups were not 
significant at the level P < 0.05. This indicated that the measure of 
the water content is not a very good parameter to measure the degree 
of degeneration of cartilage in the present experiment. This is explained 
by the fact that the weight of the sample cartilage was very small, 
especially in the groups of rabbits with severe degeneration, any dust, 
blood or droplets of synovial fluid could affect the value of the result 
I I 
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When the result of proteoglycan content were compared, there 
were significant differences betwepn all the experimental knees and 
their control knees at p< 0.05 level. There was no significanct 
difference among the control sides except for the group S12 at the p< 
0.05 level. These results agree with the morphological results that the 
S12 was not suitable for the second part of our experiments since their 
control knees showed a significant degenerative change that did not 
allow them to act as the control. 
. I 
On the other hand, the concentration of uronic acid which 
represenj:s the proteoglycan content of the cartilage was a better 
parameter than the water content for comparing the severity of 
degeneration of the cartilage. 
• , 
Moreover, the results of the proteoglycan content in the different 
groups of rabbits showed a similarity to the morphological parameter 
of the instabilization method which caused a more severe degenerative 
change than the immobilization method of the same time duration in 
the experiment. And a longer time duration in the experiment could 
give a more severe degenerative change using the same method. 
‘ 
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3.6.6 Merit on the four parameters 
i . ' 
The measurement of gross OA area is a direct estimation of the 
degenerative change inside a osteoarthritic joint. It could acpurateljr 
reflect the severity of the degenerative change in every st pf OA, 
Moreover it could record the position of the degenerative $ite, whicl; 
could give great value in analyzing the biomechanical stability inside 
in the arthritic joint. 
The histological view and the Safranin O staining of the 
proteoglycan content in the degenerative cartilage provided a more 
detailed information on the severity of the OA. It reviewed the second 
dimension (depth) of the OA. It was very accurate in measuring th 
severity of the degeneration in the mild to moderate change. However, 
due to the limitation on measuring the first dimension (area) of the 
OA, Mankin's score was not a good parameter to estimate the verity 
of the degeneration in a very severe stage of OA, which the whole 
layer of the cartilage was stripped off. 
Measurement of water content was a simple method to estimate 
the biochemical composition of the cartilage. It was useful in measuring 
the mild to moderately degenerative cartilage. However, since the water 
content had a "false decrease" in very severe stage of degeneration, 
which the middle zone of the cartilage had damaged, it was not suitable 
to measure the degeneration of the severe stage of the OA. 
In the present study, the measurement of proteoglycan content of 
the cartilage was a good parameter in evaluating every stage of 
degenerative change. It was inversely proportional to the progress of 
degeneration of cartilage in a linear relation. 
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3.6.7 Consistency and reproducability of the 
experimental model 
The consistency of the experimental model is another very 
important factor in choosing the model for the second part of our 
experiment. When the standard deviation of different groups of rabbits 
were compared, the group of immobilization for 6 weeks gave the 
smallest standard deviation in all the four parameters; Gross OA area 
=3.32 Mankin's score = 0.66 water content = 1.37 and proteoglycan 
content = 2.88. (Figure 3-17). These results showed that the L6 group 
was a more consistently reproducible model for further research on 
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Figure 3-17 Comparison of standard deviation of different groups of rabbits 
under the comparison of four parameters. 
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3.6.8 A moderately severe model was needed in the 
second part of the experiment 
The severity of the degeneration should also be considered in 
choosing the osteoarthritic model for the treatment in the second part 
of our experiment. Firstly, the imperfectness of the parameter; Mankin's 
score would flatten out at the very severe stage of osteoarthritis and 
therefore not suitable to measure the very severe stage of degeneration. 
On the other hand, the water content was not significantly increased 
in the severe stage of the OA and could not reflect the severity of 
degeneration in severe stage of OA. Secondly, the hyaluronic acid was 
functioned to stimulate the chondrocyte to synthesis the proteoglycan, 
while most of the chondrocyte died in the severe stage of OA, therefore, 
the severe stage of OA was irreversible and not treatable. Mankin 52 
Halbrecht26 and L a n g e n s k i o l d ^ S agreed that a model with a moderate 
degeneration of cartilage is suitable for studies in comparing the 
different effects of treatment. In the present study, it was demonstrated 
that the model of immobilization for 6 weeks could produce a model 
of moderate degeneration of cartilage . 
I • 
_ ^ -3.7 CONCLUSION 
. 
In conclusion, the four parameters including the morphological 
and biochemical scoring systems in the present study can give a detailed 
and complete measure of the different severity of the degeneration of 
cartilage. Moreover, due to the consistent reproducability and the 
suitable severity of degeneration, the method of immobilization of 
the knee joint for six weeks was chosen to produce the osteoarthritic 
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Healing of Cartilage Introduction 
4.1 INTRODUCTION 
With the increase of the human life span and the increasing 
number of traffic accident, degenerative osteoarthritis has become a 
significant clinical problem. There have been many surgical or medical 
interventions. For example, the surgical therapies such as Rotational 
osteotomy, resurfacing of cartilage by multiple drillings 5?, surgical 
debridement or arthroscopic a b r a s i o n ^ 2 Medical treatments such 
subcutaneous injection of Traprofenic acid, intramuscular injections 
of growth hormone, poly sulphate and plasminogen activator, and the 
intraarticular injections of steroid, saline or other drugs were used. 
However, the final outcome was not so promising nor predictable as it 
was hoped, regardless of the treatment methods. 
Hyaluronic acid is one of the class of aminosugers containing 
glycosaminoglycan. Recently, a new family of chemically modified 
cross-linked hyaluronic acid molecules has been developed. It is 
generally recognized that hyaluronic acid affords protection, or 
promotes more rapid healing, of the articular cartilage. Hyaluronic acid 
inj ected intraarticularly into the osteoarthritic j oint of the rabbit model 
restores the amorphous layer covering the cartilage. This amorphous s 
layer decreases the afflux of the matrix into the synovial cavity and 
acts as a barrier to block the chondrotoxic enzymes. These properties 
prevent further damage of the cartilage 71,81 Moreover, it can regulate 
the activity of the chondrocyte to increase the synthesis and secretion 
of the proteoglycan. This also improves the intra-articular lubrication 
and decreases the frictional damage on the articular cartilage, and 
normalizes the viscosity of the synovial fluid by increasing its shock 
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The purpose of this part of experiment was to study the effects 
of intraarticular injection of hyaluronic acid on the osteoarthritic joint 
model, that was previously produced by the immobilization of the 
rabbit knee joint for a period of 6 weeks, utilizing the morphological 
and biochemical parameters established in the first part of our study. 
4.2 MATERIALS AND METHODOLOGY 
Twenty three New Zealand white rabbits, aged 27 to 32 weeks, 
weighing 4.0 to 4.7 kg were used. They were proved skeletally matured 
by taking x-rays and the closure of the epiphysis were shown. 
4,2.1 Establishing the osteoarthritis model 
One leg of the rabbit was chosen as randomly as the experimental 
side. Immobilization of the experimental knee was done by use of an 
aluminum splint and an adhesive elastic bandage was described in the 
first part of our experiment. The leg was immobilized for a period of 6 
weeks. The splinted rabbits were checked every day to ensure the 
splints were not dislocated and there was absence of any complications : 
such as ulcer or edema of the lower limb. After 6 weeks, the splints 
were removed. The rabbits were divided into two groups as shown in 
Table 4-1. One group with 14 rabbits ( T ) was treated with a hyaluronic 
acid injection for another 6 weeks while the other group with 9 rabbits 
(NT ) received no treatment for same period of 6 weeks. Both groups 
of rabbits were allowed to move freely in their cages in the later 6 
weeks. 
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Table 4-1 Different groups of rabbits in part II of the experiment. 
No, of rabbit used 
Treatment group ( T ) 15 
Non-treatment group ( NT ) 10 
4.2.2 The Treatment of the rabbit 
4.2.2.1 Reagent and Apparatus 
The drug we used for the Part II experiment: 
Drug : HYALGAN ® ( Hyaluronic acid ) of 2 ml ( 20 mg ) 
Dosage : 0.5 ml ( 5 mg 
Route: Intra-articular administration 
Period : Starting from the 7th week after immobilization, weekly 
injection for 6 weeks. 
Anesthetic : Sodium pentobarbital (2,5%, w/v) 
2.5 g sodium pentobarbital was dissolved in 100 ml of 70% 
ethanol. 
Sterile syringe (10 ml, 1ml) ( TERUMO) 
Winged infusion set ( 21G ) ( JMS ) 
Antiseptics : Hibitane concentrate and 1% diluted Hibitane 
Hibitane concentrate ( chlorhexidine gluconate, 5%, w/v ) was 
purchased from ICI Pharmaceutical. 1% Hibitane was prepared by 
diluting 50 ml Hibitane concentration to 5 L of 70% ethanol. 
90 
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4.2,2.2 Procedures 
Each rabbit was anesthetized with 5 ml of 2.5% sodium 
phenobarbital through the auricular vein administration. The hair of 
the injection site was cut, in order to prevent the needle from slipping 
off. The experimental leg was washed with the diluted Hibitane 
solution. The joint line and the patella tendon were carefully located. 
The leg was slightly flexed to about 80o so as to enlarge the gap 
between the femoral condylar and the tibial plateau. The injection site 
was sterilized again with concentrated Hibitane solution to ensure no 
contamination nor infection inside the joint. The needle was inserted ‘ ‘ 
vertically through the patella tendon into the joint space ( Photo 4-1 ). 
A sense of sudden “ give way “ or "break through “ was felt when the 
needle had to pass the capsule into the joint space. The syringe was 
aspirated to ensure that no vascular vessel was hurt. Then 0.5 ml of 
the Hyalgan® was injected into the joint space. 
Photo 4-1 Position of intraarticular injection of Hyalgan in rabbit OA joint 
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The injection was repeated every week for 6 week§. Then the 
rabbit was sacrificed by the methods described in the first part of our 
experiment. Both the experimental leg and the contralateral control 
leg were used for assessment. 
4.2.3 Methods of assessment 
The method of harvesting the samples and th • tliods of 
assessment were the same as that used in the first part of the experiment. 
The gross OA area and Mankin's histocheijiical scoring were used a3 
the morphological parameters while tl^e water content nd the 
proteoglycan content were determined as the biochemical parameters. 
4.2.4 The Methods of statistical analysis 
The methods of statistical analysis were the same methods used 
in the first part of our experiment; mean, standard deviation, the 
Wilicoxon Test, the Oneway ANOVA, the Tukey-B Test and the 
ANOVA models were executed by using the SPSS for Window 
program. 
f 
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4.3 RESULTS 
The results of the mean and the standard deviation of the 
treatment and non-treatment groups under the different parameters were 
summarized. 
Table 4-2 Results of the second part of the experiment. 
Gross OA area . 
~ G r o u p s T I TC I NT I NTC 
Mean 33.03 11.06 67.74 12.84 
S.D. 5.82 3.78 17.93 6.00 
I 
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4.3.1 Gross OA area 
The results of the measured gross osteoarthritic areas of the ulcers 
on both the condylar ( OA area ) of different groups of rabbits was 
summarized as follows; the mean of the 14 rabbits in the treatment 
group were 33.03 mm^, with a standard deviation of 5.82. The mean 
results of the 9 rabbits in the non-treatment group was 67.74 mm^ 
with a standard deviation of 17.93. The mean and the standard deviation 
of the control side of the treatment group and the non-treatment group 
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Figure 4-1 Mean and S.D. of Gross OA area in part II experiment 
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By using the Paired t-test, it was found that the gross OA area 
had a significant difference between all the treatment and non-treatment 
groups with their control groups, p < 0.05 level. 
•' 
Table 4-3 Result of a Paired t-test comparing the experimental to thQ control 
side of different groups of rabbits on gross osteoarthritic^ ^rea. OA 
represented the OA area, T = treatment group, TC = contralateral control 
leg of the treatment rabbit, NT - nontreatment group, and NIC = control 
leg of the nontreatment rabbits. 
I • • _ • “ , I I I ‘ ‘ “ , • ’ , . 1 " " " j 
OA-T V OA-TC 2-Tailed P = 0.0033 









By using the Oneway ANOVA, it was shown that there was a 
significant difference in gross OA areas among the 2 experimental 
sides and their control sides, F ( 3 30 ) 16.9811 P < 0.0001. We 
further tested with the Tukey-B Test and found that the difference 
between the experimental groups, has a in significant difference at a 
level of P < 0.050 is as shown in the following table where “ X “ 
indicates significant difference between the corresponding two groups 
(Table 4-4 ); There were significant difference between the treatment 






I Healing of Cartilage Results 
II 
significant difference between control leg of both the treatment m d 
nontreatment group. 
‘ • . 
Table 4-4 The Tukey-B Test showing the corresponding groups in 
experimental groups having a significant difference, as indicated by “ X “, 
OA represented the OA area, = treatment group, TC = contralateral 
control leg of the treatment rabbit, NT = nontreatment group, an NJC 
control leg of the nontreatment rabbits. 
Mean Groups OA-T OA-TC OA-NT OA-NTC 
49.9527 OA-T 
9.9836 OA-TC X 
89.8867 OA-NT X X 
17.1233 OA-NTC X X 
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The mean and standard deviation of Mankin's score between the 
treatment group and non-treatment group were summarized in Table 
4-5, and Figure 4-2; 
Table 4-5 The mean and the standard deviation of different groups of 
rabbits. MK represented the Mankin's score and others were described a$ 
above table: " 
Mankin's score 
Groups T I TC I NT I ~ 
___Mean 7.07 2.07 ^ 
S.D. 0.92 1.00 2.71 
10 9.9 r - — — 
H Mean 9 -
8 • S.D. 
7.1 L_ 
I 7 -
o 6 <0 
CO f-
c 5 
IS ' c 4 --« 
3 -- 2.7 9 q 
2.1 
2 -- ••I .. 
, 0.9 1 1 -- , 
0 + J — ^ ~ ~ _ _ U _ U ^ ^ ^ ^ J _ _ L 
T TC NT NTC Groups 
Figure 4-2 Mean and S.D. of the Mankin's score in part U experiment 
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By using a Wilcoxon Matched-Pair Signed-Ranks Test, it was 
found that the Mankin's score had a significant difference between all 
the treatment and non-treatment groups with their control groups, at p 
< 0.05 level. 
Table 4-6 Results of the Wilcoxon Test comparing the experimental to the control 
side of different group of rabbits on Mankin's score. MK = Mankin's score, T = 
treatment group, TC = contralateral control leg of the treatment rabbit NT = 
nontreatment group, and NTC = control leg of the nontreatment rabbits. 
MK-T V MK-TC 2-Tailed P = 0.0033 
MK-NT V MK-NTC 2-Tailed P = 0.0277 
By using the Oneway ANOVA, it was shown that there was a 
significant difference in Mankin's scores among the 2 experimental 
sides and their control sides, F ( 3 30 ) = 27.9232, P < 0.0001. We 
further tested with the Tukey-B Test and found that the difference 
between the experimental Icnees, at a significant level of P < 0.050, 
was as shown in the following table where “ X “ indicate a significant 
difference between the corresponding two groups ( Table 4-7 ) : 
Table 4-7 The Tukey-B Test, showing the corresponding groups of experimental 
knees having a significant difference, as indicated by "X “. MK = Mankin's score, 
T = treatment group, TC = contralateral control leg of the treatment rabbit, NT 
I nontreatment group, and NTC = control leg of the nontreatment rabbits. 
Mean Groups MK-T MK-TC MK-NT MK-NT 
7.4545 MK-T 
3,3636 MK-TC X 
10.667 MK-NT X X 
5.3333 MK-NTC X X X 
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4.3.3 Water content 
The mean and standard deviation of the water content between 
the treatment group and the non-treatment group was summarized in 
Table 4-8 and Figure 4-3: 
Table 4-8 The mean and standard deviation of different groups of rabbits. WC 
=water content, = treatment group, TC = contralateral control leg of the 
treatment rabbit, NT= nontreatment group, and NTC= control leg of the 
nontreatment rabbits. . ^ 
Water content 
Groups I I TC I NT NIC 
Mean 72.47 _ 68.48 70.56 68.22 
S.D, 1.80 2.66 3.08 2.84 
QQ • Mean 
I 7 2 . 5 7 0 . 5 6 fio 9 r - i 
68.5 ^ _ 68.2 • Q n 
7 0 -- t,y r ^ |.^ . . . . _, . .„1 ‘―^ 
6 0 -
C . . 
50 C - 1 0> jS I 
§ 40 -




10 1.8 2.66 3.08 2.84 
0 J - I I I ‘ I ‘ I . ' I ‘‘ 
T TC NT NTC Oroups 
Figure 4-3 Mean and S.D. of v^ater content in part II experiment 
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By using a Paired t-test Test, it was found that the water content 
I had a significance different between all the treatment groups and their 
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significant differences with their control knees, at p < 0.05 level. 
Table 4-9 Result of a Paired t-t^sted comparing the experimental to the control 
side of different groups of rabbits on water content WC = water content, T ^ 
treatment group, TC - contralateral control leg of the treatment rabbit NT =? 
nontreatment group, and NTC = control leg of the nontreatment rabbity. 
WC-T V WC-TC 2-Tailed P = 0.0033 
WC.NT V WC-NTC 2-Tailed P = 0.0277 
— 
By using the Oneway ANOVA, it was shown that ther^ was a 
significant difference in water content amoiig the 2 experimentgil sides 
and their control sides, F ( 3, 30 ) = 28.3292, P < 0.0001. We further 
tested with the Tukey-B Test and found that the difference betweea 
the experimental knees, at a significant level of P < 0.050, was shown 
as following table where “ X “ indicates a significant difference 
between the corresponding two groups ( Table 4-10 ) : There was no 
significant difference betweenthe treatment group and nontreatment group. 
i 
Table 4-10 The Tukey-B Test, showing the corresponding groups of experimental 
knees having a significant difference, as indicated by "XWC = water content, 
T = treatment group, TC = contralateral control leg of the treatment rabbit, NT = 
nontreatment group, and A/rc = control leg of the nontreatment rabbits. 
\ 
Mean Groups WC-T WC-TC WC-NT WC-NT 
72.7491 WC-T 
67.9455 WC-TC X 
70.8667 WC-NT X X 
67.7000 WC-NTC X X 
‘ “ " “ •" ‘ ‘ ‘ — I I II I I I I I ' 1 
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4.3.4 Proteoglycan content 
The means and the standard deviations of the proteoglycTO 
contents of the treatment group and non-treatment group wa§ 
summarized in Table 4-11 and Figure 4-4 : 
f 
‘ i 
‘ Table 4-11 The mean and standard deviation of different groups of rabbits. 
GAG = proteoglycan content, T = treatment group, TC = contralateral control 
leg of the treatment rabbit, NT: nontreatment group, and I^TC: control leg of 
the nontreatment rabbits. 
Proteoglycan content 
Groups I T I TC I NT NTC 
Mean 30.00 34.13 23.85 34.15 
S.D. 3.10 2.94 5.66 3.09 
35 34.1 34 H Mean 
30 • S.D. 
“ 30 .‘ 
• ^ 
I " 25 -- 24 ( . 
O) I . ‘. • 1 
E 




CD tr -7 
§ 5 - 3 2.94 -1 3.1 
0 - M ~ U-l L J U~i "J Lh 
T TC NT NTC Groups 
Figure 4-4 Mean and S.D. of proteoglycan content in part II experiment 
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By using a Paired t-test, it was found that the proteoglycan 
content bad a significance difference between all the treatment and 
non-treatment groups with their control knees, at p < 0.05 level. 
Table 4-12 Result of Wilcoxon Test comparing the experimental to control side of 
different group of rabbits in gross osteoarthritic area. GAG= proteoglycan content, 
T = treatment group, TC = contralateral control leg of the treatment rabbit, NT; 
nontreatment group, and NTC: control leg of the nontreatment rabbity. 
GAG-T vGAG-TC 2-Tailed P = 0.0033 
I I ‘ I ' I ' I I ‘ 1 • I • • • I 
GAG-NT V GAG-NTC 2-Tailed P = 0:0277 
I I I I I I I  , I I .1 " , I ,••" 1 i|i. I 
“ — 
By using the Oneway ANOVA, it was shown that there was a 
significant difference in proteoglycan content among the 2 experimental 
sides and their control sides, F ( 3 30 ) = 50.4227 P < 0.0001. We 
further tested with the Tukey-B Test and found that the difference 
between the experimental knees, at a significant level of P < 0.050, 
was as shown in the following table where ” X “ indicates a significant 
difference between the corresponding two groups ( Table 4-13 ) : 
Table 4-13 The Tukey-B Test, showing the corresponding groups of experimental 
knees having a significant difference, as indicated by"XGAG ; proteoglycan 
content, T=treatment group, TC : contralateral control leg ofthe treatment rabbit, 
NT: nontreatment group, and NTO control leg ofthe nontreatment rabbits. 
Mean Groups GAG-T GAG-TC GAG-NT GAG-NTC 
29.0427 GAG-T 
34.2936 GAG-TC X 
‘ 23.6150 GAG-NT X X 
‘ 
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4.3.5 Comparing results of Part I and Part II 
experiment 
In order to measure the natural healing of the cartilage after the 
remobilization of the osteoarthritic rabbit joint, we compared the results 
of part I and part II of the present experiment. The results of 4 difference 
groups were summarized in the following Table 4-14. They were the 
immobilization for 6 weeks group ( L6 ); the immobilization for 12 
weeks group ( L12 ); the treatment group ( T ), it was immobilization 
for 6 weeks with a treatment of intraarticular injection of hyaluronic 
acid for another 6 weeks; and the non-treatment group ( NT ) it was 
immobilization for 6 weeks, then removed the splint and freed in their 
cages without any treatment for further 6 weeks. 
Water content: 
No two groups are significantly different p<0.050 when the water 
content results were compared. 
Water Content 
Groups L6 | L12 T NT 
Mean — 70.44 7 1 . 0 7 — 72.47 70.55 
S.D. 1.37 I 4.12 1.80 3.08 1J 
\ I I ~ 
80 70 44 71.07. 72.47 70.55 • Mean 
70 ‘ r ^ r n r n r n 
^ 60 ‘ L — • - J 
c 





10 ‘ 4.12 1.8 3.08 
L6 LI 2 T NT Group 
: 103 
Healing of Cartilage Results 
After using the Tukey B test, we compared the mean values of the 
four different groups of rabbits in the two parts of the experiment, 
under the gross OA areas, Mankin's histochemical scores, the water 
content and the proteoglycan content of the cartilage four parameters. 
With the Tukey-B Test, the difference between the experiment knees, 
at a significance level of p< 0.050 as shown in the following table 
where "X" indicates a significant difference between the corresponding 
two groups : 
Gross OA area : 
Table 4-15 Results of Gross OA areas in Part I and Part II. OA gross OA 
area, L6 = group of rabbits being immobilized for 6 weeks in part I expt, L12: 
group of rabbits being immobilized for 12 weeks in part I expt, = group of 
rabbits received intraarticular hyaluronic treatment, after 6 weeks 
immobilization, in part II expt, and NT = nontreatment rabbits, after 6 weeks 
immobilization and 6 weeks mobilization, in part II expt. 
Gross OA area 
Groups L6 I U 2 I T | NT 
Mean 28.85 64.43 33.03 67.74 
‘ S.D. 3.32 13.48 5.82 17.93 
r “—I 
7 0 fi7 7A M e a n 
_ 6 4 . 4 3 
" i 6 0 -- S . D . 
I ‘ r-J 
1 50 -
E 
& 4 0 -
S 30 - 28.85 
to r"“ I 
< 
o 20 17 qq 
S 13.48 - 2 1 ^ 
2 1 0 - ‘ 
C 3.32 5.82 
_ _ _ U _ _ 1 = U _ I _ _ L 
L12 NT Groups 
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Mankin s score: 
Table 4-16 Results of Mankin's score in Part I and Part II. MK : Mankin's 
score, L6 - group of rabbits being immobilized for 6 weeks in part I expt, L12 
=group of rabbits being immobilized for 12 weeks in part I expt, T group of 
rabbits received intraarticular hyaluronic treatment, after 6 week$ 
immobilization, in part II expt, and NT - nontreatment rabbits, aft r 6 week$ 
immobilization and 6 weeks mobilization, in part II expt. 
Mankin's Score z . 
Groups L6 L12 T | NT 
Mean — 6.70 1 0 . 6 7 _ 7.07 9.89 
S.D. 0.66 1.99 0.92 2.71 | 
H Mean 
12 T 
10.67 D S . D . 
9.89 
10 - r •’…… 
I I 
‘ t I 
0) p .. 
8 8 6.7 ^ 






2 - 0.66 \ 
» 
i I 
0 IJ U J U J I I ' • ^ 
L6 LI 2 T NT Qroup 
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Proteoglycan Content: " 
Table 4-17 Results of the Proteoglycan content in Part I and Part II. GAG -
proteoglycan content, L6 = group of rabbits being immobilized for 6 week^ in 
part I expt, L12 = group of rabbits being immobilized for 12 WQek$ in parf / 
1 expL, T = group of rabbits received intraarticular hyaluronic treatment ^fter 6 
I weeks immobilization, in part II expt, and NT = nontreatment rabbits, after 6 
weeks immobilization and 6 weeks mobilization, in part II expt. 
, Proteoglycan content 
Groups I L6 I L12 T NT 
Mean — 30.66 22.80 30.00 23.85 
S.D. 2.86 4.30 3.10 5.66 [ 
11 Mean 
35 
— 70.44 72.47 U S.D. 
30 - I r " 1 
> _ 70.55 
•o 25 - 71.07 …… 
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4.4 DISCUSSION 
4.4.1. Morphological comparison 
When the capsule of the treatment joint was opened, a slight 
increase of synovial fluid was observed, which was different from what 
Namichi had found. He found that with the injection of hyaluronic 
acid, an increase of synovial fluid and even protein clot was found. 
On the other hand, there was only small pitting instead of ulcers seen 
on the femoral condylar. While on the non-treatment knees, there were 
more obvious amounts of synovial fluid with ulcers and spurs on the 
femoral condylar ( Photo 4-2 ). These changes were supported by the 
morphological parameters; the mean of the gross OA areas of the 
treatment group (T), 33.03 mm2 was significantly smaller than that 
of the non-treatment group (NT), 67.74 mxifi, at p < 0.05 level The 
results were similar to the work of A. Schiavanto 77 a . Wigren 96 
and other researchers 35, 64 
When the histological morphology was compared, it was obvious 
that a thin amorphous layer was found on the surface of the cartilage 
of the treatment group. ( Photo 4-2, 4-3 ). With the presence of this 
layer, the fibrillation and loss of Safranin O dye was decreased. 
However, when compared with the non-treatment group, a more severe 
degeneration of cartilage could be seen ( Photo 4-4 4-5 ). The results 
were supported by the Mankin's score as the treatment group had a 
significant lower score at 7.04, than the non-treatment group at 9.89, 
at the level of p< 0.05. The finding in the present study was similar to 
the previous work of other authors 31 69, 81 it was explained by 
, Toyoshima 88 that intra-articular injection of hyaluronic acid promoted 
the formation of this layer, which acts as a barrier to prevent the attack 
of chondrotoxic enzymes inside the synovial fluid, and Balazs 3 
suggested that the layer prevented the efflux of the matrix from the 
degenerated cartilage. These inhibit the progress of osteoarthritic 
degeneration. 
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• p i ^ B H 
Photo 4-2 Histological appearance of the rabbit which received treatment 
x100 H&E stain. A = amorphous layer found on the surface of articular cartilage. 
- — — •— 
- w 
M B 
Photo 4-3 Histological appearance of the rabbit which received treatment 
x100 Safranin O stain. 
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• 
Photo 4-4 Histology of the non-treated rabbit cartilage. x100 H&E stain. U = 
site of ulceration or degeneration of cartilage. No amorphous layer could be 
found. 
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4.4.2. Biochemical comparison 
When the water content was compared, the results were not as 
expected. There was no significant difference between the treatment 
group and the non-treatment groups, at the level of P < 0.05. The 
treatment groups was significantly different from the control sides. 
However, since the water content was not linearly correlated with the 
progress of osteoarthritis; it increased when the degeneration 
progressed from mild to moderately severe stage but decreased in very 
severe stage of OA, it was not suitable for the measurement of the 
severity of the degeneration of cartilage in the very severe OA joint. It 
is difficult to draw a conclusion on this parameter because of the 
previously stated fact. 
The results of proteoglycan content proved a better and more 
accurate method than the water content, the mean value of the treatment 
group was 30.00 which was significantly higher than the mean value 
of the non-treatment group, 23.85, at the level of P < 0.05. This was 
supported by the work of G. Abatangelol that the intra-articular 
injection of hyaluronic acid can increase proteoglycan content in the 
degeneration of cartilage. Since the half life of the injected hyaluronic 
acid was about 20 hours, and it was quickly absorbed into the 
circulation. Therefore, this proved that the proteoglycan content 
detected in the cartilage was synthesized by the chondrocytes instead 
of the exogenic hyaluronic acid injected. This also explained why 
hyaluronic acid injection was useful on the moderately severe 
degenerative cartilage instead of on the very severe stage of 
osteoarthritis where all the chondrocytes died. On the other hand, the 
increase of hyaluronic acid concentration in the synovial fluid increased 
the viscosity of the synovial fluid which acted as a shock absorber, 
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4.4.3. Comparison of the results in two Parts of 
experiment 
The results of part I and part II of the present experiment were 
compared. The results of the group of immobilization for 6 weeks (L6), 
immobilization for 12 weeks (LI2) immobilization for 6 wepks with 
treatment with articular injection of hyaluronic acid for another 6 weeks 
(T) and the group of immobilization for 6 weeks with removal of the 
splint and free movement allowed in their cages without aiiy treatment 
for a further 6 weeks (NT). The four parameters were compared. 
Firstly, there was no significant difference between any of the 
two groups under the parameter of water content at a level of p> 0.05. 
This further proved that the water content which does not behave 
linearly with the severity of the osteoarthritis, was not suitable for the 
measurement of the severe stage of degeneration of cartilage. 
Secondly, the gross OA area, the Mankin's score and the 
proteoglycan content of the cartilage were analyzed. The results of 
the OA area and the Mankin's score of the non-treatment group (NT) 
had no significant differences with that of the immobilization for 12 
weeks (L12) while they were significantly higher than that of the group 
of immobilization for 6 weeks (L6). The parameter of proteoglycan 
content gave the reverse result. This showed that the progression of 
degeneration of cartilage after 6 weeks of immobilization continued 
even with the removal of the splint for the latter 6 weeks. This also 
proved that there was no natural healing of the degenerated cartilage, 
produced by 6 weeks of immobilization, even after the remobilization 
: for the latter 6 weeks. This was supported by Evans E . B . 2 3 that 
immobilization of the knee joint for a period of more than 4 weeks 
produced irreversible degeneration of the articular cartilage. The results 
were summarized in the following figure 4-5 : 
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Figure 4-5 Results showed no significant natural healing. 
Thirdly we found that there was no significant difference 
between the treatment group (T) and that of the group with 
immobilization for 6 weeks (L6), while the value of gross OA areas 
and Mankin's scores was significantly lower and the proteoglycan was 
significantly higher than the value of the immobilization for 12 weeks 
group (L12). This showed that the intraarticular injection of hyaluronic 
acid could prevent the progression of degeneration but not reverse the 
process or heal the cartilage that has been degenerated. Results were 
summarized in figure 4-6 : 
a—================== =============== ) 
Mean values of OA area Groups L6 T L12 NT 
28.56 L6 X X 
\ 
33.03 T X X 
64.43 L12 
67.74 NT 
I . . .1 . . . . .”' * " , v- . ‘ f 
The Tukey-B Test, showing the corresponding groups of the experimental 
knees having a significant difference, as indicated by ” X 
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4.5. CONCLUSION 
In conclusion, the intraarticular injection of hyalurouic acid, 
Hyalgan®, at a dose of 5 mg per week for 6 weeks could inhibit the 
progress of degeneration of cartilage in an osteoarthritic rabbit model 
previously produced by immobilization for a period of 6 weeks. 
I 
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